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ABSTRACT.
The f i r s t  s e c t io n  o f  t h i s  t h e s i s  d e a ls ' w ith  th e  
s y n th e s is  o f  some d e r iv a t iv e s  o f  a. s u b s t i tu te d  d ip h en ic  
a c id  w ith  seven membered b r id g e s  a c ro s s  th e  2 : 2 ' -  p o s i t io n s .  
I t  was hoped to  o b ta in  th e s e  compounds in  o p t i c a l l y  a c t iv e  
fo rm s ,a ls o .  T h is w as, how ever, n o t  found p o s s ib le  a s  th e  
4 : 4 ' : 6 : 6 ' - t e t r a c h lo r o d ip h e n ic  a c id  from which th e  above 
compounds were d e r iv e d  cou ld  n o t  be re so lv e d  in to  o p t i c a l l y  
p u re  iso m e rs . The u l t r a - v i o l e t  a b s o rp tio n  s p e c tr a  o f  
th e s e  compounds were s tu d ie d  in  o rd e r  to  in v e s t ig a te  th e  
r e l a t i o n  betw een c o n ju g a tio n  and c o n f ig u ra t io n  in  th e  
d ip h e n y ls  and th e  r e s u l t s ,  le n d  f u r th e r  su p p o rt to  th e  
c o n c lu s io n s  drawn by o th e r  w orkers in  t h i s  f i e l d .
A new s e r i e s  o f  compounds w ere p re p a re d  from 
2 : 2 ' - d in a p h th y l -3 : 3 ' - d ic a rb o x y l ic  a c id  w ith  th e  view  to  
r e s o lv in g  th e  azeplnium  s a l t  o b ta in e d  from i t .  T h is  s a l t  
and th e  d in a p h th y l oxep in  b o th  have a  seven membered r in g .  
The s tu d y  o f  th e  u l t r a - v i o l e t  a b s o rp tio n  s p e c tr a  o f  th e s e  
compounds provide^ b a s i c a l l y  im p o rta n t s p e c t r a l  d a ta  f o r  
th e  d in a p h th y ls .
In  th e  n e x t s e c tio n  a re  d e sc r ib e d  th e  a tte m p ts  to  
p re p a re  d ia ld e h y d e -2 : 2 ' -d ip h e n y l w hich would have p ro v id ed  
a s t a r t i n g  m a te r ia l  f o r  many i n t e r e s t i n g  sy n th e se s  b u t th e  
y ie ld , o f  th e  d ia ld eh y d e  was low and i t s ,  p re p a ra t io n  
p re se n te d  c o n s id e ra b le  p r a c t i c a l  d i f f i c u l t i e s .
2 : 2 ‘-D ia c y ld ip h e n y ls  a re  known to  g iv e  anomalous 
r e s u l t s  on re d u c tio n  and 2 : 2 ' -d ip ro p io n y ld ip h e n y l was 
p re p a re d  to  s tu d y  th e  e f f e c t  o f  d i f f e r e n t  red u c in g  a g e n ts  
on i t ,  9 *10-D ie th y lp h e n a n th re n e  and 2 : 2 ' - h i s - - m e t h y l e t h e n y l -  
d ip h en y l were o b ta in e d  from i t  in  good y i e ld s .  The 
u l t r a - v i o l e t  a b s o rp tio n  spectrum  o f  t h i s  u n s a tu ra te d  
hydrocarbon  was a ls o  s tu d ie d .
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INTRODUCTION.
The ex p lfflia tio n , p u t fo rw ard  by vant* H off a id  Le B e l, 
th a t ,  o p t i c a l  a c t i v i t y  e x h ib i te d  by o rg a n ic  m o lecu les  was 
due to  m o le c u la r  dissym m etry r a th e r  th a n  to  an asym m etric 
carbon  atom had  been w id e ly  accep ted  b u t ex p e rim e n ta l ev id en ce  
fo llo w e d  much la te rw  The f i r s t  ca se  o f  o p t i c a l  r e s o lu t io n  
r e p o r te d ,  o f  a  compound w ith  d issym m etric  s t r u c tu r e ,  was 
t h a t  o f  l-m e th y ic v c lo h e x v l id e n e -4 -a c e t ic  a c id  by P e rk in ,
Pope and W allach  (J* ,1 9 0 9 , 25» 1789)* L a te r ,  amongst many 
w orkers* c o n t r ib u t io n  to  t h i s  f i e l d  may be m entioned th e  
name o f  M il ls  ( J . , 1920 , 1407) who re so lv e d  th e  ( s u l r o ) d i -  
la c to n e  o f  benzophenone-2 :te :2 * : 4 * - t e t r a c a r b o ^ l i c  a c id  and 
a ls o  Backer and Schurlnk  ( P ro c .  Acad. S c i . Amsterdam.1926 .
,31» 370) who o b ta in e d  th e  two a c t iv e  form s o f  c v c lo -b u ta n e  
s n l r o - l t l *-d ic a rb o x y l ic  a c id .  K o h le r, W alker and T 1 sh ie r 
( J.A m er.Chem .Soc^. l9 3 5 ,  57, 1743) o b ta in e d  th e  a c t iv e  form s 
o f  carboxym ethyl e s t e r  o f  T -d lp h e n jr l-  ^ - 1- n ^ h t h y l a l l e n e -  
•<- - c a r b o x y l ie  a c id .
I n v e s t ig a t io n s  In to  th e  s t r u c tu r e  o f  d ip h en y l and 
i t s  d e r iv a t iv e s  s t a r t e d  a f r e s h  a f t e r  some dou b ts  w ere c a s t  
upon th e  c o n f ig u ra t io n  propounded by K a u f le r  (AnnaJen, 1907 , 
3?1 , 151) f o r  th e  co n d e n sa tio n  p ro d u c ts  o f  b e n a id lh e  w ith  
v a r io u s  re a g e n ts  w h e n 'P e r r is s  a id  T urner ( J . ,1 9 2 0 ,  l l4 0 )  
co u ld  n o t  r e p e a t s  K a u f le r* s  w ork. Meanwhile Brady and
- 2 -
McHagh ( J .  , 1923 , 204-7) a ls o  r e in v e s t ig a te d  th e  iso m eric  
d in i t r o b e n z id in e s ,  \d iich  w ere e a r l i e r  s tu d ie d  by C ain aand 
hisT cow orkers ( ^ . ,1 9 1 2 , 22985 1913, 586; 1914, 1 4 3 7 ).
Brady p o in te d  o u t t h a t  th e  isom erism  i n  th e  above compounds 
was s t r u c t u r a l .  T h ls i r e e e lv e d  f È r th e r  su p p o rt from th e  
work o f  Le F ev re  and T urner (£ .,1 9 2 6 , 1759 ), who alsor, 
proved  t h a t  s e v e ra l  o f  th e  co n d en sa tio n  p ro d u c t o b ta in e d  
by K a u f le r  had  f r e e  amino g ro u p s . To quo te  an example 
m o n o p h th a ly lb en z id in e  was Shown to  have th e  s t r u c tu r e  ( I )  
and n o t  ( I I )  a s  su g g ested  by K a u f le r .
/
: iC/”\
\ /
( I ) ( I I )
Several, w o rk e rs?o b ta in ed  s u b s t i tu t e d  d ip h en y ls  in  
o p t i c a l l y  a c t iv e  form s e .g .  6 : 6 *- d ln l t r o d lp h e n lc  a c id  (Kenner 
and S tu b b in g s , J * ,1921 , 593) and 4 : 4 ': 6 : 6 '- t e t r a n i t r o d i p h e n i c  
a c id .  There were a ls o  known many o r th o  s u b s t i tu te d  d ip h e n y ls  
which w ere n o t  re s o lv a b le '.  To e x p la in  th e s e  o b s e rv a tio n s  
a  c o a x ia l ,  c o p la n a r  (p re jfe rre d )  s t r u c tu r e  was p roposed  by 
Le F ev re  and T u rn e r, ( Chem. gpd I n d . ,  1926, 42 , 831 and 833 ) 
f o r  th e  d ip h en y l s k e le to h .  They a ls o  p o s tu la te d  t h a t  th e r e
-3 -
e x i s t s  some a f f i n i t y  betw een th e  t 2 : 2 ' p o ^ t io n s ^
becau se  o f  T h ie l e 's  
r e s id u a l  a f f i n i t y  
e f f e c t .  The s u b s t i tu e n ts  
i n  th e  2 , 2 ' ,  6 o r  6* 
p o s i t io n s  owing to  th e  
volume e f f e c t  o r  
e l e c t r i c a l  r e p u ls io n  
te n d  to  fo rc e  th e  two benzene n u c le i  to  tw i s t  a t  th e  e o -a x ls ,  
and th u s  overcome th e  2 : 2 '  a f f i n i t y  e f f ^ t  and d e s t a b i l i s e  
th e  c o p la n a r  form .
At th e  same tim e  B e ll  and Kenyon ( Chan!,  and In d .  .1926 . 
4 5 . 864) a ls o  e x p la in e d  th e s e  f a c t s  by in tro d u c in g  th e  term  
' o b s ta c le  g ro u p ' i n  such p o s i t io n s  where th e y  h in d e r  th e  
f r e e  r o t a t i o n  o f  th e  n u c le i  a t  th e  c o - a x is .  S im ila r  h y p o th e s is  
was a ls o  p o s tu la te d  by M il ls  ( Chem!. and In d . .1 926 , 4 5 . 884 and 
9 0 5 ).
These th e o r i e s  and th e  obv ious f a c t  t h a t  b o th  r in g s  
shou ld  be u n sy m m etrica lly  s u b s t i tu t e d  f o r  th e  m ir ro r  imaiges 
to  be non-superim po s a b le  ''.were su p p o rted  by th e  e x p e rim e n ta l 
ev id en ce  t h a t  th e  s u b s t i tu t e d  d ip h e n y ls  re s o lv e d  had more 
th a n  one group in  th e  c o l l i s i o n  p o s i t io n s  w h i l s t  th o se  w hich 
w ere n o t  o p t i c a l l y  s ta b le  c o n ta in e d  n o t  more th a n  two groups 
i n  th e  o r th o  p o s i t io n s .
T urner and coworïcers c a r r i e d  o u t re s e a rc h e s  on f in d in g
th e  minimum s u b s t i tu t i o n  in  th e  2 , 2*, 6 , o r  6 * p o s i t io n s  
lAiich would r e s u l t  i n  d e te c ta b le  o p t i c a l  a c t i v i t y .  They 
s u c c e s s fu l ly  d em o n stra ted  o p t i c a l  a c t i v i t y  i n  pheny l 
b e n z id in e -2 s2 * -d isu lp h o n a te  and d ip h e n y l-2 : 2 ' -d is u lp h o n ic  
a c id  ( L e s s l ie  and T u rn e r, J . ,1932 , 2021 and 239^) and
2 - ( 2-d im ethy lam inopheny l)phenyltrim ethylam m onium  io d id e ,
( Shaw and T u rn e r, ,1 9 3 3 jl3 5 )«  Adams and h i s  cow orkers 
a ls o  c a r r i e d  o u t a? s e r i e s  o f  experim en ts  on compounds o f  th e  
ty p e  ( I I I )  and (IV) to  d e te rm in e  th e  e x te n t  o f  h in fe ra n c e  
caused  by th e  s u b s t i tu e n t  g roups and came to  th e  co n c lu s io n  
t h a t  th e  c a lc u la te d  in t e r f e r e n c e  i s  n o t  alw ays r e l i a b l e .
Cl NO
Me CO„H
( I I I )  (IV)
( Amer ; Chem. Soc, . 1932, ^  Mf26 ; and 2966, )
A nother i n t e r r e s t i n g  phenomenon w hich may be m entioned 
h e re  iff; t h a t  i n  th e  o p t i c a l l y  a c t iv e  d ip h e n y ls  th e  s u b s t i tu e n ts  
a t  p o s i t io n s  o th e r  th a n i th e  b lo ck in g  ones nam ely 3 , 3 *, 4 ,
5 ç r5 ' a ls o  have some e f f e c t  on th e  o p t i c a l  s t a b i l i t y .  The 
work on (V ), ( Ï I ) ,  (V II) mid (V III)  shows t h a t  th e  e f f e c t  
o f  th e  s u b s t i tu e n t  group on th e  s t a b i l i t y  o f  th e  o p t i c a l
“5”
a c t i v i t y  v a r ie s  w ith  th e  p o s i t io n  and th e  n a tu r e  o f  th e  
s u b s t i tu e n t .  In  (V II I )  th e  o p t i c s  s t a b i l i t y  decre^ed  in
OpH
C CO2H C CO.H
/
NOg NOg
(V) (VI)
(Kuhn and A lb re c h t, A nnalen. 1927, h î î t  272; 22 1 .)
CO„H
X
(V II) (V III)
(X- OMe; Me; C l; Br; NO^; H a t  
p o s i t io n s  3 *> o r  5 '  )•
( Adams and H ale , J . Amer.Chem.Soc. . 1 936. 61, 282? ) .
th e  o rd e r  3 '  > > 5* f o r  w hich th e  fo llo w in g  e x p la n a tio n s
( Adams and Yuan, l o c ' . c i t . )  have been p u t fo rw ard . The 
s u b s t i tu e n t  g roups may produce f i r s t l y  a  change i n  th e  bond 
len g U i o f  2 < carbon  atom to  s u b s t i tu e n t  l i n k  and a ls o  a 
change in  le n g th  o f  th e  in te m u c le a r .  bond, seco n d ly  th e
"6—
bending in  th e  p iv o t  bend so t h a t  th e  r in g s  a r e  n o t  c o -a x ia l  
any m ore, t h i r d l y  a  d e c re a se  in  th e  r a t e  o f  th e  semi c i r c u la r  
o s c i l l a t i o n s  o f  th e  benzene r in g s  r e s u l t in g  in  th e  com parative  
in c r e a s e  in  o p tic a il  s t a b i l i t y  # ie  to  l e s s e r  chances o f  com plete 
r o t a t i o n  o f  th e  benzene r i n g s .  L a s t ly  in  th e  ca se  o f  th e  
3 ' s u b s t i tu te d  p o s i t io n s  i t  may be p o s s ib le  t h a t  th e  group 
in  2 ' p o s i t io n  i s  crowded e i t h e r  by th e  b u lk  o r  th e  e l e c t r i c a l  
e f f e c t s  o f  th e  3 ' s u b s t i tu e n t  r e s u l t i n g  in  a  d ip la c a n e n t o f  th e  
2 * carbon  atom to  th e  s u b s t i tu e n t  bond and c o n s e q u e itly  to  th e  
s u b s t i tu e n t  a t  t h a t  p o s i t io n  th u s  enhancing th e  b lc ^ in g  power 
o f  th e  group a t  2 ' p o s i t io n .
T h is  phenomenon i s  now known a s  th e  ‘b u t t r e s s in g  e f f e c t ‘ .  
I t  h as been f u r th e r  s tu d ie d  by W estheim er and R igger (J.A m er. 
Chem .Soc..1 9 ^0 . 72 . 19 and 28) w ith  r e s p e c t  to  2 :2 's 3 * 3 ‘-  
t e t r a i o d o - 5 s5 '- d ic a rb o x y ld ip h e n y l and 2 s 2 ' - d i i o d o - 5*5 ' ”
■foi’imtr rv.«xe
d ic a rb o x y d ip h e n y l. T h e / l a t t e r  ra cem ise s  30,000 t im e s /a s  slow y  
fastX as- the /K sJn ier owing to  th e  b u t t r e s s in g  e f f e c t  Af th e  
two io d in e  atoms in  th e  3 , 3 * p o s i t io n s .
In  ev e ry  i n s t a n t e  th e  asymmetry re q u ir e d  f o r  o p t i c a l  
a c t i v i t y  amongst th e  s u b s t i tu te d  d ip h e n y ls  h a s  r e s u l t e d  from  
r e s t r i c t e d  r o t a t i o n  about th e  s in g le  bond produced  by o r th o  
s u b s t i tu e n t s .  A n o v e l way o f  a c h ie v in g  r e s t r i c t e d  r o t a t i o n  
was sug g ested  by Adams and Komblum CJ . Amer'. Chem. S o c ., 194^1,
6i ,  1 8 8 ,)  by means p f  many membered r in g s  a t  5 , 5 ' p o s i t io n s  
o f  d ip h en ic  a c id s , ( I X ) .  Four p o s s i b i l i t i e s  can  be re c o g n ise d :
( i )  f o r  v e ry  sm all v a lu e s  o f  a ,  th e  m o lecu le  may be so s t r a in e d
-7 -
(CHg)^
(ix;
OpH
C COpH t h a t  th e  carboxy  groups do n o t
i n t e r f e r e ;  (11) f o r  s l i g h t l y  
b ig g e r  v a lu e s  o f  n ,  th e  m o lecu le  
hav ing  th e  carboxy groups In  th e  
e l s  p o s it io n ^  b u t 's t a g g e r e d ',  
shoftld be r e s o lv a b le ;  (111) f o r  
medium v a lu e s  o f  n ,  a  t r a n s  
c o n f ig u ra t io n  shou ld  be p o s s ib le ,  and t h i s  shou ld  be In te rc o n v e r t  
I b l e  w ith  th e  e l s  form , b u t o th e rw ise  th e  r o t a t i o n  I s  r e s t r i c t e d ;  
( Iv )  f o r  v e ry  l a r g e  v a lu e s  o f  n , th e  d ip h en y l system  should  
r o t a t e  f r e e l y  In s id e  th e  l a r g e  r in g ,  and such compounds should  
be In c a p a b le  o f  r e s o lu t io n ,
Adams and Komblum s u c c e s s fu l ly  re so lv e d  two such 
compounds w ith  v a lu e  o f  ii as  8 and 10 , b o th  r e p r e s e n ta t iv e  
o f  c l a s s : ( 1 1 1 ) . The a c t iv e  compound w ith  n  %8 was more o p t i c a i l ;  
s t a b le  th a n  t h a t  w ith  n  =. 10',
A nother i n t e r e s t i n g  example o f  d ip h en y l s te reo iso m erism  
h as  been d e sc r ib e d  by Robinson (Proc', Rov, Soc, A. . 19W , 192 .
1^) In  th e  ca se  o f  p h e n y ld lh y d ro th e b a ln e  (X)', T h is  m o lecu le  '
p o s s e s s e s  two so u rce s  
o f  asym m etry, one o f  
th e s e  I s  a  n o n -c o p la n a r  
d ip h en y l c o n f ig u ra t io n  
and th e  o th e r  I s  th e  
asym m etric carbon  atom
MeO OH
I I
OMe
HO CHg
2| I 2
Ph-HC CHp
V N'
Me
(X)
c a r ry in g  th e  pheny l g roup . The u l t r a v i o l e t  a b so rp tio n  
spectrum  does n o t  show th e  c h a r a c t e r i s t i c s  o f  d ip h e n y l.
The fo llo w in g  compounds have been o b ta in e d  in  an 
o p t i c a l l y  a c t iv e  c o n d it io n  by s t a r t i n g  w ith  re so lv e d  d ip h e n y ls ;
Mœ Me Me Me
HN n: N NH
CO
(XI)
W / 
CPh
(êsÈB) Man* Coll tlag» 
Kvusfau.19^2 . é ,  283)
(X II)
( - )  Zs2*-diam 4no-6î6*-dim ethyldiphenyI'Â (X I) and (X II) and w ith  
(+) 2 : 2 '-d ia m in o -1 : 1 ' -d in a p h th y l f o r  ( X I I I ) .  F or th e  o b slo u s  
c o n c lu s io n  t h a t  a  r in g  system  based  on th e  2*2’ p o s i t io n s  o f
th e  d ip h en y l e x i s t s  i n  a 
ncaa-planar form , th e  
p re se n c e  o f  o r th o  
s u b s t i tu e n ts  was c o n s id e re d  
n e c e s sa ry  i n  o rd e r  to  
p re se rv e  n o n - p la n a r i ty .
(X I I I )
The l a t t e r  p o in t  h as  now been d isp ro v ed  by th e  work o f  
B e ll  (£ . ,1 9 5 2 , 1527) who re so lv e d  6 :7 ^ d ip h e n y l-5 8 8 -d ia a a ^ -l:2 -  
3 * 4 -d ib e n z ç z c lo o c ta te tr a e n e -2 ’ * 2”-d ic a rb o x y l ic  a c id  (XIV) 
th ro u g h  i t s  b ru c in e  s a l t .
CO.HHO.C
N T N
u
Ph Ph
(XIV),
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N e ith e r  B e ll ( l o d l c l t i ) nor- 
Beavan, B ird , H a l l ,  Johnson , 
Ladbory, L e s s l ie  and T urner 
( J i , 1955 , 2708) were a b le  to  
r e s o lv e  (X V II), o b ta in e d  from 
2 :2 • -b isb rom om ethy ld ipheny l by
m alon ic  e s t e r  ^ m th e s i s ,  (Kenner and T u rn e r, ;J,,1 .911, 2£> 
2101; 1913 , 103, 633;) acco rd in g  to  th e  fo llo w in g  schemes
N/
C(C02Et), 
(XV) (XVI)
2
CH-COgH
(XVII)
K am er a ls o  p re p a re d  e th y l  
: 5-6 * 7 -d ib e n z cv c lo o c t a - 4 ; 6 -d l  en e - 
l* l s 2 * 2 - te t r a c a r b o x y la te  (X V III) b u t 
i t s  i d e n t i t y  was e s ta b l i s e d  o n ly  r e c e n t ly  by th e  work o f  
T urner e t .  a l .  ( i b i d ) vho s tu d ie d  compounds in  which th e  
2:2* b r id g e  o f  d ip h o iy l  form s a p a r t  o f  seven o r  more 
membered r in g s  to  d e te rm in e  th e  r e l a t i o n  be tw eo i c o m fig u ra tio n
-1 0 -
E_C CHg
\ /
(BtOgOgC-CCCO^Bt)^
( m i l )
sBid eonÿuga tion  in  d ip h en y l 
d e r iv a t iv e s  w ith  th e  h e lp  o f  
a b s o rp tio n  sp e c trm '^
The a b s o rp tio n  s p e c tr a w  
o f  ( m i )  i n  96{S e th a n o l a s  
observed  by T urner et*, a l .  wmse 
v e ry  much l i k e  th e  spectrum  o f  d ip h en y l i t s e l f  w ith  o n ly  th e  
i n t e n s i t y  o f  th e  c o n ju g a tio n  band s l i g h t l y  reduced  which 
seems to  be a g e n e ra l  f e a tu r e  o f  seven membered b rid g ed  
compounds w hether hom ocyclic o r  h e te r o c y c l ic .  A number o f  
such compounds, in c lu d in g  some 9 :1 0 -d ih y d ro p h en an th een es , 
i n  w hich th e  b r id g in g  r in g  i s  s ix  membered, were p re p a re d  
and s tu d ie d  by T urner and h i s  cow orkers ( J .  ,^9 5 0 , 711; 1955, 
12h2 and 2708)'.
E a l l ,  L e s s l ie  and T urner (N a tu re , 19*+9, 168. 537)
MeOOC COOMe
L iA l%
L i Br
•>
HOH^C CH„OH
HBr
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p re p a red  9 :1 0 -d ih y d ro p h en a n th ren e  in  70# y ie ld  from (ü tae th y l-  
d ip h e n a te  a s  o u t l in e d  on th e  p re v io u s  p ag e .
The method ap p e a rs  to  he o f  g e n e ra l  a p p l i c a b i l i t i e s  
s in c e  9 :10-dihydro-^^: 5 ^-d im ethoxyphenanthrene (H a ll  and 
T u rn e r, J .  ,1955 , 12^-2),, 9 :10 -d ihyd ro -3 * 6 -d im eth o x y p h en an th ren e  
(B eavan, H a ll ,  L e s s l ie  and T u rn e r, J . ,1952 , 85^) a id  9*10- 
d ih y d ro -lf :5 -d im e th y lp h en an th re n e  (W ittig  and Zimmermann, B e ia > 
1953, S6. 629; Bergman and P e lchow icz , J . Amer. C hanlB ocl, 1953.
75. 2663) have a ls o  been o b ta in e d  in  t h i s  way.
Beavan, H a il ,  l e s s l i e  and T urner (1 . ,1952 , 85^) found 
t h a t  2* 2 *- b i  sbrom om ethyldiphenyl and o th e r  s im i la r  compounds 
w ith  s u b s t i tu e n ts  in  th e  d ip h en y l r in g s  r e a c t  sp o n tan eo u sly  
w ith  s tro n g  secondary  b a se s  to  g iv e  d ibenzazep in ium  compounds. 
T h e ir  a tte m p ts  to  r e s o lv e  th e s e  compounds were n o t  s u c c e s s fu l  
in  a l l  c a s e s .  The r e s o lu t io n  o f q u a te rn a ry  s a l t s  o f  t h i s  
ty p e  i s  d is c â s s e d  in  P a r t  B o f  t h i s  s e c t io n .
An a l t e r n a t i v e  approach  to  th e  s tu d y  o f  th e  c o n f ig u ra t io n  
o f  b r id g e d  d ip h e n y ls  i s  to  s t a r t  w ith  re so lv e d  d ip h e n ic  a c id s  
( w ith  s u i t a b le  6*6 ' s u b s t i tu e n ts )  aaad in v e s t ig a te  th e  
b r id g e d  compounds o b ta in e d  from i t .  T h is  h as  been done in  
th e  cEinaphthyl s e r i e s ,  where (+) mid ( - )  9 : lO -d lh y d ro -3 : 5 * 6 -  
d ib enzophenan th rene  and (+) 2 :7 -d ih y d ro d in a p h th o -(2 * :1 * -3 :^-)-  
( I 'l  ; 2"-5*6 ) -a z e u in iu m - l- s p i r o - l " ' -p lp e r ld ln iu m  brom ide have 
been o b ta in e d  from  ( - )  and (+) l : l '- d in « g ) h th y l - 2 * 2 ' - d i ­
c a rb o x y lic  a c id  (H a ll and T u rn e r, J» ,;i955 ,12 lt2 )'.
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In  th e  p re s e n t  work, i t  was hoped to  ex ten d  such an 
in v e s t ig a t io n  to  th e  d ip h en y l s e r i e s  and a ls o  to  s tu d y  th e  
e f f e c t  o f  o r th o  s u b s t i tu e n ts  (w hich w ould, o f  n e c e s s i ty ,  be 
b u lk ie r  th a n  th e  m ethoxyl groups s tu d ie d  by B eav e i, H a ll ,
L e s s l ie  said T u rn e r, J ,  ,jl952, 85^) on th e  a b s o rp tio n  s p e c tr a  
o f  such b rid g e d  compounds.
As s t a r t i n g  m a te r ia l  a  6:6* d i s u b s t i tu t e d  d ip h e n ic  
a c id  was needed  which would f u l f i l l  th e  fo llo w in g  requ irem en ts*
( I )  I t :  sho u ld  be r e a d i ly  r e s o lv a b le ,
( i i )  I t  shou ld  be o p t i c a l l y  s t a b le  and
( i i i )  The 6:6* s u b s t i tu e n ts  shou ld  be u n a f fe c te d  by 
th e  r e a c t io n s  n e c e s s a ry  tdi p roduce s ix  mid seven membered. 
r i n g s .
6 :6* -D ic h lo ro d ip h e n ic  a c id  and ^ - :4 * :6 :6 * - te tr a c h lo ro -  
d ip h e n ic  a c id s  appeared  to  f u l f i l l  th e s e  re q u ire m e n ts .
However, th e  lo n g  s y n th e s is  o f  th e  fotemer a d id  (from  2 -amino -
3 - n i t r o to lu e n e  in  8 s tag es}  C h r i s t i e ,  James aaid K enner, J ,,1 9 2 3 ', 
123, 19*f8) made i t  u n s u i ta b le  and s in c e  th e  t e t r a c h lo r o  a c id  
can be p re p a re d  in  two s ta g e s  from  a n th r a n i l i c  a c id  (A tk in so n ,
Murphy and L u fk in , Ore'.  8vn6h.  . 31. 9^) and h a s  been re so lv e d
th ro u g h  th e  b ru c in e  s a l t  (A tk inson  and L aw ler, J.A m er.C hem .Soc.» 
19*+0, 62 , lyo^- ) i t  was s e le c te d  f o r  th e  p re s e n t  in v e s t ig a t io n '.
DISCUSSION.
The p re p a ra t io n  o f  :& :& '- te tra e h lo ro d ip h e n ie  CKdJd, 
a c co rd in g  to  th e  method o f  A tk inson  e t ', a l .  ( l o c * e i t .  ) .  
r e q u ir e s  no s p e c ia l  comment ex cep t t h a t  th e  a c id  o jita in e d  
had a  h ig h e r  m e ltin g  p o in t  v i z .  264-265° as  compared w ith  
th «  ffi.p. g iv en  in  Org. S yn th . (258 -259°)•
Attem]^ts to  o b ta in  th e  above a c id  by an a l t e r n a t i v e  ro u te  
i . e .  by adding d ia z o t i s e d  2-amino-3* 5 -d ic h lo ro b e n z o ic  a d d  to  
th e  re d u c in g  ag e n t cuprammonium h y d ro x id e , sodium m e ta b is u lp h ite ,  
anhydrous f e r ro u s  s u lp h a te ,  how ever, f a i l e d .
The y i e ld  o f  d im eth y l 4 :4 * t6 * 6 ‘-te tra ch lo ro d ip h en W k e  
was improved! from  72# to  a lm ost t h e o r e t i c a l  q u a n t i ty .  The 
low er y i e ld  was due to  th e  fo rm a tio n  o f  mono m ethy l e s t e r  
which was avo ided  by p ro lo n g in g  th e  tim e o f  r e a c t io n  from 
6 to  18 h r  Si. The re d u c t io n  o f  th e  d im eth y l e s t e r  to  th e  
co rre sp o n d in g  b ishy d ro x y m eth y ld ip h en y l by u s in g  l i th iu m  
alum inium  h y d rid e  gave e x c e l le n t  r é s u l t é .  The y ie ld  o f  
th e  d io l  (V I) was 98#. The d io l  was d eh y d ra ted  to  form  
2 ' :4 * :1  ** : 3 " - te t r a c h lo r o - 2  * 7 -d ih y d ro -3 :4-5*  6 -d ib en zo x ep in  
(X) f o r  th e  i n t e r e s t  in  i t s  a b s o rp tio n  spectrum  \d iieh  i s  
d is c u s se d  in  s e c t io n  ( I I I ) .  The oxep in  was a ls o  o b ta in e d  
as a  b y -p ro d u c t d u rin g  th e  p re p a ra t io n  o f  th e  d io l  idien th e  
l a t t e r  was s e p a ra te d  from  th e  r e a c t io n  m ix tu re  by d i s t i l l i n g  
o ff. th e  e th e r  from th e  a c id ic  l a y e r .  T h is  was avo ided  by
-1 4 -
C1
NH
( I )
HNO
»
CO^H
NH
Cl
Cl
( I I )
Cl Cl Cl Cl
( I I I )
C COpMe 
(V) % e
EL Cl
MeOS
Cl Cl
(IT )
C3L d
Cl
i.'
(VI)
CH Cl d  Cl
d
(X) 2 .  qT 2
d  Cl Br
d
(DO
rffloovihg th e  a c id ic  l a y e r  b e fo re  h e a tin g  and th e  oxep in  formed 
was co n v e rted  i n to  th e  co rre sp o n d in g  b i  sb ro m o m eth y lte trach lo ro - 
dlphenyX- (V II) by in te r a c t io n :  w ith  hydrobrom ic acid!.
The compound (V II) was a lw ay s o b ta in e d  a s  a  gum and 
a l l  a t te m p ts  to  c r y s t a l l i s e  i t  were u n s u c c e s s fu l .  On s ta n d in g  
f o r  s e v e ra l  weeks some o f  i t  s o l id i f ie d #  T h is  and th e  gum 
b o th  gave r a th e r  poor a n a ly s is  r e s u l t s  f o r  th e  d ib rom ide .
2 :4 ' î l*  :3 '* -T e tra o h lo ro -2 * 7 -d ih ^ o * -3 * 4 -5 * 6 -d ib e n z a s^ in iu m  
- l - s n i r o - l" " - u iu e r ld in iu m  brom ide (V III)  was p re p a re d  from 
th e  racem ic dibrom ide; w ith  th e  id e a  t h a t  t h i s  p re p a ra t io n  
would be o f  i n t e r e s t  when c a r r i e d  o u t w ith  o p t i c a l l y  a c t iv e  
d ib ro m id e . The a tte m p ts  to  ac h ie v e  r e s o lu t io n  o f  t e t r a c h lo r o  
d ip h e n ic  a c id  (IV ) , th ro u g h  i t s  norm al b ruc ine :, a c id  b ru c in e  
and amphetamine s a l t s  w ere u n s u c c e s s fu l .  The a n a ly s is  r e s u l t s  
o f  th e  s a l t s  showed th e n  to  be m ix tu res: o f  norm al and a c id  
s a l t s .
The b isb rom om ethy ld ipheny l (V II) was condensed w ith  
(a )  d ie th y lm a lo n a te  (b ) e th y l  p ro p a n e -1 :1 - 3 :3 - te t r a c a r b o x y la te  
and (c )  e th y l  e th a n e te tr a c a rb o x y la te .  The r e a c t io n s  a r e  
in d ic a te d  in  th e  scheme on page 16 . From r e a c t io n  (a )  th e  
p ro d u c ts ,  o ^ p i n  (X)! and th e  a c id  (X II) w ere o b ta in e d  in  
4 2  and 23^  y ie ld s  r e s p e c t iv e ly  c a lc u la te d  on th e  b a s i s  o f  
b ish y d ro x y m eth y ld ip h en y l (VI) used*
The o n ly  way to  c a lc u la te  th e  q u a n t i t i e s  o f  o th e r  
re a g e n ts  to  be u sed  in  th e s e  co n d e n sa tio n s  was to  assume t h a t
-16—
Cl Cl
Cl
HgC CH Br 
Br 2 ÇH(CO E t) 
(b )C %  2
(X)
(X) aûid ^XI)
Cl Cl Cl Cl
Cl
H„C CH,
Cl
JCOH (aâlc'.)^
(X I)
CCCOgEt)
dCi
H.C CH,
d  d
CCCOgH)
Cl Cl
(X II)
MeOH
HwC; CH„
H ,a v
Cl Cl
H;,C CH
(XIV) CH-CO^e CH-CO„H
2 (X III )
The compounds fütom (V I) onwards have n o t  so f a r  been 
d e sc r ib e d  in  th e  l i t e r a t u r e . )
th e  co n v e rs io n  o f  th e  d i o l  (V I) i n to  th e  d ib rom ide (V II) was
t;q u a n t i ta te '.  T h is  a sm m p tio n  may n o t  however be r i g h t  a s  was
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In d lc a te d  by th e  fw m a tio n  o f  th e  oxepfn (X) w hich may have
been form ed owing to  th e  p re se n c e  of. (XV) a long  w ith  t h e
Cl Cl d ib rom ide (V I I ) .  Removal o f  a
m olecu le  o f  HBr from (XV) m ight
r e s u l t  i n  th e  fo rm a tio n  o f  t h e
Ho C CHo o x ep in .
OH Br.‘^
In  one experim en t on th e
(XV) ^ o v e  co n d e n sa tio n , d ie th y l
m alonate  was e r ro n e o u s ly  u sed  
i n  an v e ry  l a r g e  ex cess^  Most o f  i t  was re co v e re d  from th e  
r e a c t io n  p ro d u c t. I t s  o n ly  e f f è c t  on th e  co u rse  o f  th e  
r e a c t io n  was. idiat. no oxep in  was o b ta in e d , a lth o u g h  i t  may 
h # r e  been p r e s e n t , i n  th e  v isc o u s  o i l y  m other l i q u o r ,  and 
th e r e f o r e  th e  e s t e r  (XI) was e a s ie r  to  p u r i f y .  In  th e  
experim en t where r i g h t  q u a n t i ty  o f  d ie th y lm a lo n a te  was used^ 
th e  s a t i s f a c to r y  s e p a ra t io n  o f  th e  e s t e r  (XI) and th e  oxep in  
co u ld  n o t  be achieved). The m ix tu re  was th e r e f o r e  t r e a t e d  
d i r e c t l y  w ith  a lc o h o l ic  po tassiu m  h y d ro x id e  and th e  r e s u l t i n g  
d ic a rb o x y lic  a c id  (X II) s e p a ra te d  from  th e  oæ sp in .
The r e s u l t  o f  add ing  excess; o f  d ie th y l  m alonate  i s  in  
agreem ent, w ith  th e  r e s u l t s  o f  Kenner ( j^  y l913 , 10?,. 613) who 
fbund t h a t  even idien two m o le c u la r  p ro p o r t io n s  o f  d ie th y l  
m alonate  a re  u se d , o n ly  th e  sevebn membered r in g  e s t e r  i s  
o b ta in e d  from  2 :2 ' -b isb rom om ethy ld ipheny l'i
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Hie e s t e r  (XIV) was o b ta in e d  from  th e  d ic a rb o x y lic
a c id  (X II) th ro u g h  d e c a rb o x y la tio n  fo llo w ed ;b y  e s t é r i f i c a t i o n
and i t s  spectrum  s tu d ie d ;  t h i s  i s  dftscussed  to g e th e r  w ith
o th e r  s p e c tr a  i n  th e  l a s t  section 'o
The p ro d u c ts  o f  co n d en sa tio n  (b ) w ere th e  same a s  t h a t
o f  (a )  # i i c h  was in d eed  to  be expected* (Compaire T u rner e t i a l l
l o c . c i t . ) .  The fo rm a tio n  o f  th e  e s t e r  (X II)  in s te a d  o f  th e
h y p o th e t ic a l  one w ith  a  n in e  membered r in g  took  p la c e  owing
to  th e  i n i t i a l  fo rm a tio n  o f  a  s in g ly  charged  an ion  o f  th e
e s t e r  w hich r e a c t s  w ith  one bromomethyl group in  th e  u s u a l
Cl 01 way g iv in g  (X V I). In  th e  nex t;
s ta g e  th e  o th e r  bromomethyl group
i s  a t ta c k e d  by th e  «C -c a rb o n  atom
HpC CH„ r a th e r  th e n  th e  /  -c a rb o n  atom
Br'^1 «(
(CO^E)g-C f  < even though  th e  l a t t e r  may have
2 2 ^CH2-CH(C02Et)„,
^  a  n e g a tiv e  ch a rg e  i n  th e  p re se n c e
(XVI) o f  th e  e th o x id e  io n à .  T h is
e x p la n a tio n  is ;  a ls o  su p p o rted  
by th e  work o f  G u th z e it and Ehgelmann (J .S ra te t ;  efaem., 1902, 66 , 
104) on th e  r e a c t io n  betw een th e  above ma lo n io . e s t e r  wi13i 
e th y l  b ro m o ace ta te  tdien b o th  and Ï  carbon  atom s ta k e  
p a r t  i n  th e  a tta ld c .
The re a so n  f o r  th e  fo rm a tio n  o f  oxep in  i n  t h i s  condensa­
t i o n  (b )  i s  presum ably  th e  same a s  i n  th e  p re v io u s  re a c tio n *
In  th e  n e x t  co n d e n sa tio n  ( c ) ,  th e  o n ly  p u re  r e a c t io n
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was oxep in  and o f  e th y l  e th a n e te tr a c a rb o x y la te  was re w v e re d  
unchanged. P ro b ab ly  w ith  th e  two c h lo r in e  atoms in  th e  6:6* 
b lo c k in g  p o s i t io n s ,  th e  fo rm a tio n  o f  seven membered r in g  
e s t e r  (X II) o r  th e  ox ep in  which a ls o  h as  a  seven membered. 
r in g  a re  th e  o n ly  p o s s i b i l i t i e s ^  In  t h i s  r e a c t io n ,  s in c e  th e  
e s t e r  (X II) co u ld  n o t  be form ed, th e  o n ly  p o s s i b i l i t y  was, 
th e  fo rm a tio n  o f  th e  oxepin '.
A ttem pts to  p re p a re  compound (IX) ftom  bisbrom om ethyl 
te t r a c h lo r o d ip h e n y l  (711) and pheny l l i th iu m  f a i l e d  b u t th e  
m .p . and th e  a n a ly s is  r e s u l t s  o f  th e  p ro d u c t (XlX)I)3u g g es t
Cl Cl
Cl Cl
(XV IIÏ
Cl
iM i i
(711)
(X10ÎI)
t h a t  i t  was a p u re  compound; The p e rc e n ta g e  com p o sitio n  from 
th e  two a n a ly se s  i s  in  f a i r  agreem ent and in d ic a te s  t h a t  one
U-_.. V
c h lo r in e  atom was knocked outo The c h lo r in e  atom wsns m ost
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l i k e l y  t o  be removed would b e  one o f  th e  two a t  6:6* p o s i t io n s ;  
s in c e  th e s e  two to g e th e r  p re v e n t  th e  s u f f i c i o a t l y  c lo s e  
ap p ro ach  o f  th e  m eth y l l i th iu m  and th e  brom om ethyl g ro u p s  
i n  th e  in te r m e d ia te  compound (X 7 III) 'i  U n fo r tu n a te ly ,  t h e r e  
was n o t  enough o f  t h i s  s u b s ta n c e  l e f t  f o r  c o n fo rm a tio n  o f  
t h i s  i d e a  o f  f u r t h e r  i d e n t i f i c a t i o n ' .
EgPERBîMTAL,
P r e p a r a t io n  o f  :6 :6 * - t e t r a c h lo r o d lp h e n lg  a c id .
(A tk in so n , Murphy and L u fk in . O rg. S y n th . 9 6 ) .
? - j ^ in o - %  9 -d ic h lo ro b e n z o lo  a c id :  A n th r a n i l ic  a c id  ( ^ 5 g . ,
Im o l .)  was d i s s o lv e d  i n  d i l u t e  h y d ro c h lo r ic  a c id  (1 ^0 m l* ,co n c  
a c id  i n  850m l. w a te r )  i n  a  Z l l i t r e s  th re e -n e c k e d  f l a s k .  The 
f l a s k  was p la c e d  i n  an i c e d  w a te r  b a th  so a s  to  m a in ta in  th e  
te m p e ra tu re  a t  2 0 °-3 0 °  d u r in g  th e  r e a c t i o n .  C h lo r in e  w as 
p a s s e d  th ro u g h  th e  r e a c t i o n  m ix tu re  a t  such  a r a t e  a s  t o  keep  
th e  s o lu t io n  s a tu r a te d  w ith  th e  gas w ith  some e sc a p in g  from  th e  
s u r f a c e .  T hroughout th e  c h lo r in a t io n  th e  r e a c t i o n  m ix tu re  
was s t i r r e d  v ig o r o u s ly .  C h lo r in a t io n  was s to p p e d  # ie n  th e  
g a in  i n  w e ig h t c o rre sp o n d e d  to  two mol% (^5g*)«
The s o l i d  p ro d u c t was f i l t e r e d  i f f , a n d  d r ie d  a t  ro<m 
te m p e ra tu re  (d ry in g  a t  e le v a te d  te m p e ra tu re  lo w e rs  th e  y i e l d  
oM ng to  th e  fo rm a tio n  o f  p o ly c h lo ro  b y -p ro d u c ts )  and m e lte d  
att. 2L0°V The c ru d e  p ro d u c t was s t i r r e d  w ith  b o i l in g  benzene 
(2 7 5 m l.) ,  f i l t e r e d  by  s u c t io n  and th e n  w ashed w ith  some c o ld  
b en z en e . The p ro d u c t  was d r ie d  a t  room te m p e ra tu r e .  Y ie ld  
W i6 g , (.70%) t m '.p .2 l8 °-2 2 0 ° ';
T his: p r e p a r a t io n  was r e p e a te d  s e v e r a l  t im e s .  I t  was 
o b se rv e d  t h a t  th e  u s e  o f  a  m o d era te  e x c e s s  o f  c h lo r in e  did . 
n o t  a f f e c t  th e  y ie ld ^  The m*p'. o f  th e  p ro d u c t v a r ie d  from  
217° t o  2 ^ %  Y ie ld s  v a r ie d  from  65^ to  76# .
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D ia z o t i s a t i o n  o f  % « n in o -3 :  ?-diohlorob@ n.zD lc: w )ld : Crude
d ic h lo ro a m in o b e n z o ie  a c id  (55g'« wa® d is s o lv e d  i n  a
s o lu t io n  o f  sodium h y d ro x id e  ( 1 4 ,5 g * ( l .lm o lL , i n  750m l, w a te r ) .
Sodium n i t r i t e  (2 2 g ,, l ,0 5 m o l^ )  was added and th e  s o lu t io n  
o
c o o le d  to  10 • At lo w er te m p e ra tu re s  p r e c i p i t a t i o n  o f  th e  
sodium  s a l t  o c c u r re d .  H y d ro c h lo ric  a c id  (120m l, , ^ l , l 8 ; l ' , 1 2 m o l )  
and w a te r  (2 3 0 m l,) w ere p la c e d  i n  a  2 l i t r e  th re e -n e c k e d  
f l a s k  i n  sffi i c e - b a t h  and th e  te m p e ra tu re  t h e r e i n  m a in ta in e d  
a t  10° th ro u g h o u t th e  fo llo w in g  procedure*.
The c o ld  s o lu t io n  o f  sodium 2 -a m in o -3 : 5 -d ic h lo ro b e n z o a te  
and sodium  n i t r i t e  was added  th ro u g h  a  d ro p p in g  f u n n e l ,  w ith  
s t i r r i n g  , a t  such  a- r a t e  t h a t  no a p p r e c ia b le  a c c u m u la tio n  
o f  u n d la z o t i s e d  am ine to o k  p la c e .  The d i a z o t i s a t i o n  w as 
com ple ted  i n  ab o u t 2 h r s . , a f t e r  w hich  s t i r r i n g  was c o n tin u e d  
f o r  a n o th e r  l5m in '. w ith  2g . o f  d ia to m aceo u s  e a r t ^ .  The d ia z o  
s o lu t io n  was th e n  f i l t e r e d  c l e a r  o f  any in s o lu b le  g e la t in o u s  
m a te r i a l  im m e d ia te ly  b e f o r e  ad(SLng i t  t o  th e  re d u c in g  a g e n t ,  
u s in g  an i c e - c o l d  b u ch n e r fu n n e l  and f l a s k .
P r e p a r a t io n  o f  th e  re d u c in g  a g e n tt  A s o lu t io n  ofC  co p p e r
s u lp h a te  p e n ta h y d ra te  (1 3 8 g . ,2 n o l .  ) i n  w a te r  ( 550m l'i) was
p la c e d  i n  a  4  l i t r e  b e a k e r  f i t t e d  w ith  an  e f f i c i e n t  m ech a n ic a l
s t i r r e r  and ammonium h y d ro x id e  ( d .0 o 8 8 . , 2 4 0 m l.) added to  i t
“ ■ o
w ith  s t i r r i n g .  The s o lu t io n  m ts  c o o led  to  10 'i E y d r o ^ l -  
am ine h y d ro c h lo f id e  (4 0 g '. , ,a n o l .)  was d i s s o lv e d  i n  w a te r  ( l4 0 m l.)
-23*
and f i l t e r e d  a f t e r  c o o lin g  to  1 0 ° , To th e  c l e a r  s o lu t io n  was 
added  6N sodium h y d ro x id e  s o lu t io n  (iO O m l,)', T h is  s o lu t io n  
was th e n  im m e d ia te ly  added to  th e  am m oniacal s o lu t io n  o f  
c u p r id  m ilp h a te  w ith  s t i r r i n g ‘s W ith r e d u c t io n  th e  s o lu t io n  
became p a le  b lu e i  The te m p e ra tu re  o f  th e  r e a c t io n  m ix tu re  
was m a in ta in e d  a t  1 0 ° - l5 ° ,
4 :4 * :6 :6 * -T e t r a c h lo ro d ip h e n ie  a c id : The c o ld  d ia z o  s o lu t io n
was added  to : th e  re d u c in g  s o lu t io n  from  a  d ro p p in g  f u n n e l ,  t o  
th e  stem  o f  w hich  was a t t a c h e d  a c a p i l l a r y  b e n t upw ards^ T h is  
a rran g em en t e n su re d  t h a t  th e  d ia z o  s o lu t io n  re æ z te d  o n ly  a f ÿ e r  
e n te r in g  th e  re A ic in g  s o lu t io n  a s  no ammonia co u ld  go up i n  
th e  P ro p p in g  fu n n e l  s t a n  th ro u g h  th e  b a i t  f e e d  tu b e  w ith  
a sc e n d in g  b u b b le s  o f  n i t r o g e n ’;  The r e a c t i o n  was accom pan ied  
by e x c e s s iv e  foam ing # i i c h  was c o n t r o l l e d  by  th e  a d d i t i o n  o f  
a  l i t t l e  e th e r  e v e ry  few  m in u te s . A f te r  th e  a d d i t io n  o f  a l l  
t h e  d ia z o  s o lu t io n ,  th e  r e a c t io n  m ix tu re  was s t i r r e d  f o r  
a n o th e r  h a l f  h o u r . H a lf  o f  i t  was th e n  t r a n s f e r r e d  t o  a n o th e r  
4  l i t r e  b e a k e r ;  B oth  p a r t s  w ere h e a te d  to  90° and r a p id l y  
a c i d i f i e d  t o  l i tm u s  w ith  c o n c a i t r a t e d  h y d ro c h lo r ic  ac id *  More 
h y d ro c h lo r ic  a c id  was added u n t i l  t h e  r e a c t i o n  m ix tu re  im s 
a c id  t o  Congo r e d .  A n o th e r 110m l, o f  th e  a c id  was th e n  added* 
t h e  b a s ic  co p p e r s a l t s  w hich  w ere p r e c i p i t a t e d  w h ile  th e  
s o lu t io n  was b e in g  made a c id i c  t o  l i tm u s  r e d i s  s a lv e d  b e f o re  
i t  was a c id i c  t o  congo red*  The a c i d i f i c a t i o n  was c a r r i e d  o u t
^24-
w ith  v e ry  v ig o ro u s  s t i r r i n g ;  The s o lu t io n  was a llo w ed  to  
s ta n d  o v e rn ig h t  and a  d i r t y  y e llo w  p r e c i p i t a t e  s e t t l e d  down* 
T h is  was f i l t e r e d  a id  washed on th e  B uchner fu n n e l  s e v e r a l  
t im e s  w ith  water*. The c ru d e  y e llo w  p ro d u c t was d r ie d  i n  an 
seLr oven a t^ O ^ ; Y ie ld  3 5 .5g. (7 0 # ) , mf.p'.195- 1 9 7 ° .
T h is  was d is s o lv e d  i n  c o n c e n tra te d  s u lp h u r ic  a c id  (4 n l*  
p e r  g ra m .) ,  h e a te d  w ith  s t i r r i n g  a t  150° f o r  5min*ï a id  a llo w e d  
to  s ta n d  o v e rn ig h t'^  The r e a i l t i n g  p ro d u c t was f i l t e r e d  
th ro u g h  a  s i n t e r e d  g la s s  funnKti and washed on th e  fu n n e l  w ith  
t h r e e  20ml*; p o r t io n s  o f  c o n c e n tr a te d  s u lp h u r ic  a c id ,  and th e n  
s e v e r a l  t im e s  w ith  w atefZ  The p ro d u c t was t r a n s f e r r e d  to  a  
b e a k e r  and b o ile d ; w ith  w a te r  ( ca« 60m l*) t o  rem ove t r a c e s  o f  
s u lp h u r ic  a c id  t h a t  may be p r e s e n t ;  I t  was f i l t e r e d  h o t ,  
w ashed w ith  h o t  w a te r  and d r i e d .
I t  was r e c r y s t a l l i s e d  tw ic e  i n  th e  m anner d e s c r ib e d  
above , whence p u re  4 :4 * * 6 j6 ’- t e t r a c h lo r o d ip h e n ic  a c id  ( l i t 5 g . ) 
was o b ta in e d  i n  b e a u t i f u l  co lo u rle ss- , n e e d le s ;  m .p .2 6 4 °-2 6 5 °  
(O rg. S y n th ;g a v e  mfip*. 2 5 8 ° -2 5 9 ° ) t  Y ie ld  c a lc u la te d  on th e  
b a s i s  o f  3 î5 -d ic h lo ro -2 -a in in o b e n z o ic  a c id  was 23^. R ecovery  
o f  th e  p u re  a c id  from  th e  c ru d e  p ro d u c t  was 32^#
The p r e p a r a t io n  o f  ‘ s 6 :6 * te t r a c h lo r o d ip h e n ic  a c id
from  a m in o d ic h lo ro b e n z o ic  a c id  was re p e a te d  s e v e r a l  t im e s .
I t  was found  t h a t  th e  u se  o f  p u r i f i e d  d ic h lo ro a m in o b e n z o ic
o o
a c id  (m '.p. 228; «229 from  a lc o h o l  ) had  no p a r t i c u l a r  ad v an tag e
—25“
o v e r  th e  u s e  o f  th e  c ru d e  m a te r i a l  a s  th e  o v e r a l l  y i e l d  o f  
t e t r a c h lo r o d ip h e n ic  a c id  d id  n o t  im prove a p p r e c ia b ly .
The s u lp h u r ic  a c id  m o ther l i q u o r  o b ta in e d  a f t e r  f i l t e r i n g  
o f f  th e  f i r s t :  c to p  o f  th e  t e t r a c h l o r o a c i d ,  when d i l u t e d  w ith  
w a te r ,  g a te  a  y e l lo w is h  g re e n  p r e c i p i t a t e  w hich  was m o s tly  
in o r g a n ic  b u t  a l s o  c o n ta in e d  some low  m e lt in g  ( e g .  170°) 
o rg a n ic  b y -p ro d u c t ;  T h is  was d is c a r d e d .
The y i e l d  o f  c ru d e  t e t r a c h lo r o d ip h e n ic  a c id  v a r ie d  
from  68# t o  85# and t h a t  o f  th e  p u re  a c id  (m ip ; 26 3 °-2 6 4 °) 
betw een 20# to  25# .
A ttem p ted  p r e p a r a t io n  o f  4 : 4 ' :6 % 6 * - te tra e h lo ro d in h e n ic  a c id
an p lo v in g  sodium  m e ta b is u lp h i te  and cuprammonium h y d ro x id e
as  re d u c in g  a g e n t .
Copper s u lp h a te  p e n ta h y d ra te  ( 4 5 g .) was d is s o lv e d  i n
w a te r  and ammonium h y d ro x id e  (d ;0 '.8 8 , 50m i;)  added w ith
s tirr in g * !- T h is  s o lu t io n  was c o o le d  to  10° and 102g . o f
pow dered sodium m e ta b is u lp h i te  and ammonia ( d ;0 ,8 8 ,  105ml*;)
werejadded* The s o lu t io n  became b row n ish  w ith  th e  ap p e a ran c e  o f
0
a  p r e c i p i t a t e .  I t  was c o o le d  to  10 and t h e  d ia z o  s o lu t io n
added t«b i t  i n  th e  same way a s  i n  th e  p re v io u s  p r e p a r a t io n .
The a d d i t io n  to o k  ab o u t 45min*i and th e  te m p e ra tu re  o f  th e
o or e a c t i o n  m ix tu re  was m a in ta in e d  a t  10 -1 5  ,  I t  was v ig o ro u s ly  
s t i r r e d  th ro u g h o u t .
A nhydrous f e r r i c  c h lo r id e  ( 6 6 g .) was d is s o lv e d  i n  
w a te r  end 330m l. o f  c o n c e n tr a te d  h y d ro c h lo r ic  a c id  ( d .  1**18)
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added to  th e  f i l t e r e d  s o l u t io n .  T h is  was added to  th e  above
r e a c t io n  m ix tu re  and a  y e llo w  o ran g e  c o lo u re d  p r e c i p i t a t e
was fb rm ed . I t  was a llo w ed  to  s e t t l e  o v e r n ig h t^  th e n  f i l t e r e d
and w ashed s e v e r a l  t im e s  w ith  w a te r .  Y ie ld  5 * 8 g ., m .p . 3 )0 ° -
20 2 °. I t  was c r y s t a l l i s e d  from  c o n c e n tra te d  s u lp h u r ic  a c id
o
by h e a t in g  i t  t o  150 and th e n  l e t t i n g  i t  c o o l o v e r n ig h t .
About 1 gram o f  a  d i r t y  w h ite  s u b s ta n c e  w ith  th e  same mVp. was 
re c o v e re d ;  I t  d e p re s s e d  th e  m tp . o f  th e  a u t h e n t i c  te t r a c d i lo r o -  
a c id .
The above ex p e rim e n t was re p e a te d !  u s in g  p u re  g -am ino- 
3 : 5 -d ic h lo ro b e n z o ic  a c id  (m'.p.229°-23iO®) td laa a  p ro d u c t  w ith  
m^p;. 159 °-1 6 2 ° was o b ta in e d .  T h is  on c r y s t a l l i s a t i o n  from  
c o n c e n tr a te d  s u lp h u r ic ;  a c id  d id  n o t  g iv e  4 s 4 * :6 s 6 ’ - t e t r a -  
c h lo ro d ip h e n ic  a c id .
EeilaEafeLQft Of
T e tra c h lo ro d ip h e n ic  a c id  ( 2 0 g .) was d is s o lv e d  i n  t e n  
o f  ^
tim e s  i t s  w e ig h t/m e th a n o l (2 6 7 m l.) and c o n c e n tra te d  s u lp h u r ic
a c id  ( ^  1 .8 4 ,  2 0 g t) ad d e d . The s o lu t io n  was h e a te d  on a
w a te r  b a th  u n d e r r e f l u x  f o r  6 h rs '. I t  was c o o le d  to  room
te m p e ra tu re  and p o u re d  i n t o  t h r e e  t im e s  i t s  volum e o f  w a te r .
The c ru d e  e s t e r  was f i l t e r e d  seid washed: s u c c e s s iv e ly  w ith
w a te r ,  f i v e  p e r c e n t  sodium  hydrogen  c a rb o n a te ,  and w a te r ,  end
dried; I t  had m.p-. 154°-155°‘;
The com bined f i l t r a t e s  w ere a c i d i f i e d  w ith  d i l u t e  
h y d ro c h lo r ic  a c id .  The p r e c i p i t a t e  fo rm ed  was f i l t e r e d  o f f
“27“
and w ashed w e l l  w ith  w ate r*  On d ry in g  on a  w a te r  b a th  i t  
m elted*  At room te m p e ra tu re  i t  s o l i d i f i e d  to  a  cream  c o lo u re d  
s o l i d .  A f te r  r e c r y s t a l l i s a t i o n  from  m ethsaaal i t  had  m ;p .l0 2 ° -  
1 0 4 ° , w e ig h t 2 .0 g .
In c o m p le te  e s t é r i f i c a t i o n  was found  to  be th e  ca u se  o f  
th e  fo rm a tio n ! o f  t h i s :  lo w -m e ltin g  p ro d u c t w hich  was m sdnly  
th e  mono a c id ic  e s t e r .  A no ther 4 .5 g .  o f  i t  (m .p .8 5 ° -9 0 ° )  w ere  
o b ta in e d ,  when th e  m o ther l i q u o r  from  th e  c r y s t a l l i s a t i o n  o f  
th e  d im e th y l e s t e r  was e v a p o ra te d  to  d ry n e ss !
The two s o l id s  (2 g . and 4 .5 g ! )  w ere com bined, d i s  w aived  
i n  m eth an o l and h e a te d  w ith  c o n c e n tra te d  s u lp h u r ic  a c id  f o r  
a n o th e r  6 h r s .  On le a v in g  o v e rn ig h t  c o lo u r l e s s  w e ll  d e f in e d  
p l a t e - l i k e  c r y s t a l s  sep a ra ted !! These w ere f i l t e r e d  o f f  and 
th e  f i l t r a t e  po u red  i n t o  w a te r ;  V ery l i t t l e  o f  a  s t i c k y  
p r e c i p i t a t e  was fo rm ed  and was e x t r a c te d  w ith  ether*!
A l l  th e  s o l id s  o b ta in e d  w ere  com bined and r e c r y s t a l l i s e d  
tw ic e  from  m eth an o ls  Y ie ld  I 5 ;4 g ,  , ( 7 2 # i ,  m * p '. l6 0 ° - l6 l° .
( Founds C,47%0; H,3Ü0; 0 1 ,3 5 .2 ;  r e q u i r e s
0 ,4 7 :0 ;  h ,2 ! 5 ;  0 1 ,3 4 !5  #  ) .
The above p r e p a r a t io n  was r e p e a te d  s e v e r a l  t im e s ;  i t  
was fo u n d  t h a t  by in c r e a s in g  th e  tim e  o f  c o n tin u o u s  h e a t in g  
from  6 to  18 h r  s', th e  y i e l d  o f  th e  c ru d e  e s t e r ,  mtpv 156° -1 5 7 ° ,  
was th e o r e t i c a i l  and th e  e s t e r  was p u re  enough to  u s e  f o r  a l l  
su b se q u e n t r e a c t i o n s .  The p e rc e n ta g e  y i e l d  o f  th e  p u re  e s t e r
« 2 8 —
was 9%  5#«
P re p a r a t io n  o f  4 :4 * :6 :6 '- te t r a c h lo ro -2 t2 ? -b is h y c L ro x y m e th y l-
djphenyl.
The m ethod u se d  by H a l l ,  L e s s i i e  and T u rn e r (N a tu re . 
19 4 9 , 1 63 . 537) f b r  th e  p r e p a r a t io n  o f  h iè y d ro x y m e th y ld ip h e n y l 
was adopted*
D im ethy l te t r a c h lo ro d ip h e n fc te  ( 26g . ,,lm o l. ) d is so lv e d !  in i 
sodiTBn d r i e d  e th e r  (400ml**) was added from  a d ro p p in g  fu n n e l  to  
a  su sp e n s io n  o f  l i th iu m  alum inium  h y d r id e  (4 ,4 g ., l* 8 m o l* )  i n  
d ry  e th e r  ( 300m l.)  p la c e d  i n  a  2 l i t r e  two necked  f l a s k  f i t t e d  
w ith  a  r e f l u x  co n d en sed . The r e d u c t io n  was slow  a t  room 
te m p e ra tu re .  A f te r  th e  a d d i t io n  o f  a l l  th e  e s t e r  s o lu t io n  
th e  r e a c t io n  m ix tu re  was h e a te d  u n d e r r e f l u x  on a w a te r  b a th  
f o r  40minV to  co m p le te  th e  r e a c t i o n .  The f l a s k  was th e n  co o led  
to  room te m p e ra tu re  and w a te r  added v e ry  c a u t io u s ly  from  a  
d ro p p in g  f u n n e l .  T h is  was fo llo w e d  by 2N s u lp h u r ic  a c id  
(l6 0 m l! )'. Two 1 d e a r  l a y e r s  w ere  form ed o v e r n ig h t .  T h ese  w ere 
s e p a r a te d ,  th e  w a te r  l a y e r  w ashed tw ic e  w ith  e th e r  and th e  
e th e r  e x t r a c t s  com bined.
On d i s t i l l i n g :  o f f  a l l  th e  e th e r  a  y e llo w  o i l y  r e d d u e  
was l e f t  w hich on c o o lin g  s o l i d i f i e d  t o  a  w h ite  s o l i d ,  ra^p!
O Q
136  -1 3 8  , 4 : 4 ' ; 6 : 6 ' - t e t r a c h l o r o - 2 : 2 ' -b ish y d ro z y m e th y ld ip h e n y l 
c r y s t a l l i s e d  from  c a rb o n  t e t r a c h l o r i d e  i n  s m a l l  n e e d le s ,  ufip; 
1 3 7 ° -1 3 8 ° , Y ie ld  2 2 .2 g . (98# ) ;
—29“
( Founds C ,47»8; H ,2 .9 ;  C l,4 0 '.6 ;  Cy4Hi o ®2^^4 r e q u i r e s
0 ,4 7 :8 ;  H , 2 f i 9 ; l c i ^ . 3  #  Ï .
When t h i s  p r e p a r a t io n  was r e p e a te d  i t  was found  m ore 
comvemient t o  add th e  e s t e r  ^  a  f i n e l y  pow dered s o l i d  i n  
sm a ll q u a n t i t i e s  th ro u g h  a  d ro p p in g  fu n n e l  fo llo w e d  each  tim e  
by a  few  m l. o f  d ry  e th e r  a s  th e  e s t e r  was n o t  v e ry  s o lu b le  
i n  e th e r  and t h i s  p ro c e d u re  d isp e n se d  w ith  th e  u se  o f  l a r g e  
volum es o f  e t h e r .  ^
P r e p a r a t io n  o£  2* : 4 ': l " * 3 " - t e t r a c h l o r o - 2 : 7 - d ih v d r o - 3 : 4 - 5 : 6 -
d ib e n z o x e p in :
The m ethod o f  H a ll  and T u rn e r (£ .^1951 ', 3072) f o r  th e
. I
p r e p a r a t io n  o f  d ih y d ro -d im e th o x y -d ib e n z o x e p in  was u s e d .
The te t r a o h lo ro b is h y d ro x y m e th y ld ip h e n y l  ( I g .  ,m [,p .l3 6 ° -
137°) was h e a te d  w ith  ?0# s u lp h u r ic  a c id  (2 0 m l.)  i n  a  b e a k e r
on a h o t  p l a t e  w ith  s t i r r i n g  u n t i l  th e  s o l i d  m e lte d . The s o l u t i
io n  was b o i le d  f o r  ab o u t lO m in: On c o o lin g  a  g la s s y  su p b s ta n c e
a lo n g  w ith  a  l i t t l e  w h ite  p r e c i p i t a t e  s e p a r a te d .  I t  w as
f i l t e r e d  and w ashed w ith  water*. Y ie ld  0 .7 g .  (7 4 # ) , m ':p ;i4 6 ° -  
o
148 .
I t  was c r y s t a l l i s e d  from  m eth y l a lc o h o l  t h r e e  tim e s  and 
O o
th e n  had  nl».^ 148-149
( Pound; 0 , 50 . 3 ; H ,2 ;5 ; 0 1 ,4 2 .2 .  O^^^EgO 01^  ^ re q u ire # : (?,
0 ,5 (^ :4 ; H ,2 :4 ; 0 1 ,4 2 :5  #
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P r e p a r a t lo n  o f  2 : 2 '- b i s b r o m o m e th y l - 4 :4 ';6 :6 ' - t e t r a c h l o r o -
dlphenyi;
% e  m ethod u se d  by H a l l ,  l e s i l i e  and T u rn e r (N a tu r e ,
1949 , 163 . 537) f o r  th e  p r e p a r a t io n  o f  2 : 2 ' -b isb ro m o m eth y l-  
d ip h e n y l was a d o p te d ;
4  s 4 ' s 6 : 6 ' - T e t r a c h lo r o - 2  s 2 ' - b i  sh y d ro x y m eth y ld ip h en y l ( I g * ) 
was d is s o lv e d  i n  b o i l in g  g l a c i a l  a c e t i c  a c id  (12m l«) and h o t  
hydrobrom ic  a c id  ( l5 m l!‘‘|  48# w/w) added to  i t !  The s o lu t io n  
f i r s t  tu rn e d  c ln u d y , th e n  c l e a r e d  on sh ak in g  b u t became c lo u d y  
a ^ a in  w ith  heating* . I t  was h e a te d  u n d e r r e f l u x  f o r  lO m in. 
and th e n  a n o th e r  10m l. o f  hydrobrom iE  a c id  added to  th e  s o lu t io n  
H ea tin g  u n d e r r e f l u x  was c o n tin u e d  f o r  a n o th e r  15m ih. when 
some o i l y  d ro p s  ap p e a re d ! The m ix tu re  was po u red  i n t o  a  b e a k e r  ; 
and th e  c l e a r  s u p e rn a ta n t  l i q u i d  d e c a n te d  a f t e r  c o o lin g '.
A s t i c k y  su b s ta n c e  was o b ta in e d  w hich  co u ld  n o t  be 
c r y s t a l l i s e d  from  any o f  th e  fo llo w in g  s o lv e n t s :  ca rb o n  
t e t r a c h l o r i d e ,  b en zen e , l i g h t  p e tro le u m  (b * p ; 6 0 ° -8 0 ° , 8 0 °-1 0 0 °) 
m e th y l e th y l  k e to n e ,  o r  g l a c i a l  a c e t i c  a c id .
In  an e f f o r t  to  o b ta in  c r y s t a l l i n e  d ib ro m id e  th e  
p r e p a r a t io n  was c a r r i e d  o u t by th e  fo l lo w in g  d i f f e r e n t  
m e th o d s .
(A ). The d i o l  ( 3 ; 0 g ; ' ! ^ o l . )  was added to  phospho rus 
t r ib ro m id e  ( l4 g ; ,3 m o i ; )  p la c e d  i n  a  f l a s k  f i t t e d  w ith  a  
ca lc iu m  c h lo r id e  tu b e  and c o o le d  e x t e r n a l ly  i n  an i c e  b a th '.
A f te r  th e  a d d i t io n  o f  th e  d i o l ,  th e  f l a s k  was a llo w ed  to  warm
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up to  room te m p e ra tu re  and th e n  k e p t  a t  30°  f o r  15 to  20m in.
I t  was c o o le d  to  room te m p e ra tu re  and th e  c o n tm ts  o f  th e  
f l a s k  p o u red  o n to  c ru sh e d  i c e  i n  a b e a k e r .  A l i t t l e  o f  a  
w h ite  p r e c i p i t a t e  was o b ta in e d  b u t a l l  th e  r e s t  s e t t l e d  down 
a s  a  s t i c k y  m ass . The w a te r  was d e c a n te d  o f f  and th e  r e s id u e  
washed s e v e r a l  t im e s  w ith  w a te r .
The r e s id u e  was d r ie d  i n  vacuum f o r  s e v e r a l  days b u t  i t  
d id  n o t  s o l i d i f y ;  The sm a ll amount o f  p r e c i p i t a t e  m en tioned  
above had  m '.p .7 2 °-7 5 °  b u t  co u ld  n o t  be p u r i f i e d  any f u r t h e r .
The s tic lc y  p ro d u c t on le a v in g  on a  w atch  g la s s  f b r  s e v e r a l  
w e ^ s  became s l i g h t l y  b r i t t l e  b u t s t i l l  would n o t  c r y s t a l l i s e *
(B ). The d i o l  ( I g ! )  was b o i le d  u n d e r r e f l u x  w ith  e x c e s s  
o f  hydrpbrom ic a c id  (48#  w/w) f o r  I h r . ,w h ic h  r e s u l t e d  i n  th e  
s e p a r a t io n  o f  some o i l y  d ro p s . O v e rn ig h t i t  s e t t l e d  t o  s t i c k y  
m ass  o f  th e  same tjq>e a s  d e s c r ib e d  i n  th e  v e ry  f i r s t  p r e p a r a t io n
(C)'. Prom te t r a c h lo r o - d ih y d r o - d ib e n z o x e p in ;  The o x ep in  
( I g ; , m .p i l4 8 ° - l4 9 ° ) was h e a te d  u n d e r r e f l u x  w ith  e x c e s s  o f   ^
hydrobrom ic a c id  (48# w/w) w ith  w hich  i t  d id  n o t  r e a c t !  The 
s u p e rn a ta n t  a c id  was pou red  o f f  and th e  r e s i d u a l  s o l i d  d is s o lv e d  
i n  h o t  g l a c i a l  a c e t i c  a c id .  The above a c id  was added bback
and t h i s  tu rn e d  th e  s o lu t io n  c lo u d y . I t  c le a r e d  a g a in  a f t e r  
ab o u t I5 m in . b o i l in g  u n d e r r e f lu x '.  H ea tin g  was c o n tin u e d  f o r  
a n o th e r  h a l f  h o u r . The s u p e rn a ta n t  l i q u i d  was ran o v ed  by d e c a n t 
a t i o n  and th e  s t i c k y  p ro d u c t l e f t  was d r i e d  o v e r p o ta ss iu m
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h y d ro x id e  i n  vacuum o v e rn ig h t  b u t i t  was n o t  found  p o s s ib le  
to  c r y s t a l l i s e  i t  e i t h e r ' .
In  some m ore e x p e rim e n ts  f o r  o b ta in in g  th e  2 * 2 '-b iB -  
b rom om ethy l-4 : 4 ' : 6 : 6 ' - t e t r a c h lo r o d ip h e n y l , th e  p ro p o r t io n s  
o f  r e a g e n ts  and th e  tim e  o f  r e a c t io n  was v a r ie d  b u t w ith  no 
s u c c e s s ;
F o r a l l  s u c c e s s iv e  w ork , th e  r e q u ir e d  amount o f  
d ib ro m id e  was p re p a re d  a f r e s h  p re c e d in g  i t s  u s e  i n  each  
e x p e r im e n t, d r ie d  o v e r c a u s t i c  p o ta s h  i n  vacuum o v e rn ig h t  
and th e  gummy p ro d u c t u se d  a s  such  by di&solv&ng i t  i n  
s u i t a b l e  so lven tW ;
In  a  d ib ro m id e  s o lu t io n  i n  g l a c i a l  a c e t i c  a c id  a f t e r  
s e v e r a l  m onths few  c r y s t a l s  w ere fo rm ed , m .p ! 9 6 ° -1 0 4 ° . 
R e c r y s t a l l i s a t i o n  from  g l a c i a l  a c e t i c  a c id  r a i s e d  t i e  m '.p. 
t o  1 0 2 ° -1 0 4 ° .
( Pound* 0 ,3 4 .6 ;  34«4; H ,l* ;5 , 1 .8 ;  H a l ,6 2 :3 .
^ 1 4 % ° V ^ 2  r e q u i r e s  0 ,3 5 :2 ;  H , i ; 7 ;  H a l ,6 3 ! l  % ) !
In  some o f  th e  d ib ro m id e  s o lu t io n  i n  a c e t i c  acid;* 
when in o c u la te d  by  c r y s t a l s  from  th e  above sam p le , w ere  
form ed some c r y s t a l s ,  b u t a t t a n p t s  to  c r y s t a l l i s e  l a r g e r  
q u a n t i t i e s  p ro v ed  f u t i l e !
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P r e p a r a t io n  o f  2 '*4*  te tira p .h lo v o -P t7 -d lh y d ro -3 :4 - '? t6 -^
d lf a e n z a z e p ln iu m - l - s p l r o - l '"  -p jp e r ld ln l tn n  brom ide”.
B eavan, H a l l ,  L e s s i i e  and T u rn e r (^ % 1 9 5 2 , 854) have 
p re p a re d  a  s im i l a r  compound by t h i s :  m ethod .
From th e  d i o l  ( r .O g ! )  th e  2 :2 '- b is b r o m o m e th y l - 4 :4 ': 
6 :6 * - t e t r a c h lo r o d ip h e n y l  was p re p a re d  i n  th e  u s u a l  m anner, 
th e  s u p e rn a ta n t  l i q u i d  p o u red  o f f ,  th e  c ru d e  d ib ro m id e  
w ashed w e l l  w ith  c o ld  w a te r ,  d is s o lv e d  i n  benzene (1 0 m l!) , 
w ashed w ith  2# sodium  hydrogen  c a rb o n a te  s o lu t io n ,  th e  
two l a y e r s  s e p a ra te d  and th e n  th e  benzene s o lu t io n  was 
w ashed w e l l  w ith  w a te r .  To i t ,  p ip e r id in e  ( 0 .4 0 g ! , l ! l m o l . ) 
d is s o lv e d  i n  benzene (5 m l.)  was ad d ed . The s o lu t io n  rem ained  
c l e a r .  I t  was warmed f o r  ab o u t 5min’.  ( c a .7 0 ° ) . w ith  c o o lin g ^  
a w h ite  f l o c c u la n t  p r e c i p i t a t e  was fo rm ed . I t  was f i l t e r e d  
and d r i e d ,  m .p . l 5 l ° - l 5 3 ° .  I t  w eighed  0 .7 g .  The y i e l d  
c a lc u la te d  on th e  b a s i s  o f  th e  d i o l  u sed  was 48# .
Some was c r y s t a l l i s e d  from  ac e to p h en o n e , sm a ll n e e d le -  
shaped ' c r y s t a l s  w ere o b ta in e d  m ip! 234°-235° (decom p!) !
Some more was c c r y s t a l l i s e d  from  w a te r ;  f i r s t  c ro p , d !p '.
120° to  121° (d e c o m p .) , second  c ro p , m !p !l9D °-195° (decom p!)'.
A m ix tu re  o f  th e  ace to p h en o n e  p u r i f i e d  p ro d u c t and 
th e  one from  w a te r  ( f i r s t  c ro p )  had  mi.p. 150 °-1 5 2 °  ( decom p'!)!
The p r ^ a r a t i o n  o f  d ih y d ro -d lb e n z a z e p in i  u tn -g p iro -  
p ip e r id in iu m  brom ide was r e p e a te d  w ith  5 !0g ! o f  d i o l  yrtien
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5 .5 g . o f  th e  éâh ro m id e , m;,p* l4 -l°-l4 -3  (deoom p!), (75»3# 
y i e l d  c a lc u la te d  on th e  b a s i s  o f  th e  w e ig h t o f  d io l  u sed ) 
was o b ta in e d .  I t  c r y s t a l l i s e d  from  w a te r  i n  two c ro p s ,  
f i r s t ,  n i.p ;2 ÎO °-212 '°  (d ecom p!), 4-g.; second crop  w ith  m'.pv 
1 9 5 °-2 0 0 °(d eco m p !)!  The m .p! o f  th e  f i r s t  c ro p  on f u r t h e r  
c r y s t a l l i s a t i o n  r o s e  to  212°-213° (d eco m p .).
o oA ttem p ts  to  i s o l a t e  th e  compound w ith  m .p . 120 -121  
f a i l e d .  T h is  d i f f e r e n c e  i n  m!p#-. was a t t r i b u t e d  to  th e  
d i f f e r e n t  amount o f  w a te r  o f  c r y s t a l l i s a t i o n !
The p ro d u c t w ith  m !p !2 1 2 °-2 1 3 ° was d r ie d  i n  vacuum 
f o r  s e v e r a l  days and an a ly sed ^
( Found* 0 ,4-2!7 ; H ,4 i l !  CY^H^gCl^^BrE, 2H2O re q u ire s ;  
0 ,4 4 * 0 ; H ,4 .2  # ! Bromine i o n i c ,  e s t im a te d  a s  AgBr, l5*5» 
1 5 . 4# Oj^çH^gOlBidî, 2H^0 r e q u i r e s  15 !6#  ) !
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A ttem p ted  o p t i c a l  r e s o lu t i o n  o f  4 : 4 ' : 6 : 6 '- t e t r a c h l o r o d i p h e n i c
a c id .
( I n  p o la r im e t r i c  o b s e rv a t io n s ;  l  = 2dcm.)
D rying o f  B rucine*  The m ethod was e s s e n t i a l l y  t h a t  o f
T u rn e r (£.-,,1951, 8 4 2 ) .
Com mercial b ru c in e  (May and B a k e r) , 1 0 .O g ., was
d is s o lv e d  in  l e a s t  p o s s ib le  amount o f  d ry  c h lo ro fo rm  and
l e f t  f b r  h a l f  h o u r o v e r  an hyd rous sodium s u lp h a te  (p re h e a te d
i n  an a i r  oven a t  80° f o r  2 h r s .  ) .  I t  was f i l t e r e d
f i r s t  by s u c t io n  and th e n  th ro u g h  an o rd in a r y  fu n n e l  d i r e c t l y
i n t o  a  th r e e  l i t r e  b e a k e r  c o n ta in in g  2000ml'. o f  d ry  l i g h t ,
p e tro le u m  ( b .p .  40 - 6 0 ° ) !  P r e c i p i t a t e d  b ru c in e  was a llo w e d
to  s e t t l e  down and th e n  f i l t e r e d  o f f .
I t  was k e p t  o v e rn ig h t  i n  vacuum o v e r  anhydrous ca lc iu m
c h lo r id e  and th e n  d r i e d  i n  an a i r  oven a t  60° f o r  2 4 h rs .
IL8
The p ro d u c t had  m ip! 1 7 7 °-1 7 9 °  (decom p!) and C** 3 -149!9*
5461
i n  c h lo ro fo rm  ( c = l ) .
I t  was e a r l i e r  n o te d  t h a t  i f  th e  c h lo ro fo rm  s o lu t io n
o r
o f  b ru c in e  was n o t  v e ry  c o n c e n t r a t e d / i f  h ig h e r  b o i l in g
l i g h t  p e tro le u m  (6 0 ° -8 0 ° )  was u se d  f o r  i t s  p r e c i p i t a t i o n
i t  r e s u l t e d  i n  th e  l o s s  o f  brucine*! The p ro d u c t a ls o  had
18 _
a  lo w er m ip ; and th e  s p e c i f i c  r o t a t i o n  was [  « t] ^ l 4 0
5461
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P o rm atlo n  o f  norm al b ru c in e  s a l t  o f  4 : 4 ' : 6 : 6 ' - t e t r a c h l o r o ­
d ip h e n ic  a c id :
The a c id  (4 ,5 g * ,lm o l '; )  d is s o lv e d  i n  b o i l in g  e th y l  
a c e t a t e  ( 55in l, ) was q u ic k ly  added  to  a  b o i l in g  s o lu t io n  o f  
anhyd rous b ru c in e  ( 9 «3g . , 2m ol. ) i n  e th y l  a c e t a t e  ( 210m l! )'• 
M ost o f  th e  s a l t  c r y s t a l l i s e d  o u t i n  th e  f i r s t  c ro p ; th r e e  
m ore c ro p s  w ere c o l l e c t e d  by s u c c e s s iv e  c o n c e n t r a t io n  o f  
th e  m o ther l i q u o r s !  A f te r  o b ta in in g  th e  f o u r th  c r o p , th e  
m o th er l i q u o r  on e v a p o ra t io n  to  d r y n e s s , l e f t  a  d i r t y  y e llo w  
p a a ty  mass; w hich  was d i s c a r d e d .  T o ta l  w e ig h t o f  s a l t  
c o l l e c t e d  was 13! 2g! ( 95# i .
The p o la r im e t r i c  re a d in g  w ere ta k e n  i n  ch lo ro fo rm  
s o lu t io n !
CROP. Wt. M ip. Î 5461 r*c] 5791
A 10! 0g .
0 o 
250-252  (decom p.) -2 2 .7 ° - 18! 9°
B l ! 8 g . 270° - 272°  " - 21!  5° :2 o !3 °
C 0! 6g . 273°-274° " —6 0 .2 - 4 9 . 7°
D 0 .8 g . 232°-234° " - 3 5 :1 °
C rops A and B h av in g  s im i l a r  s p e c i f i c  r o t a t i o n s  were: 
m ixed  and c r y s t a l l i s e d  from  e th a n o l !  5.3G* o f  t h i s  s o l i d  
d id  n o t  d i s s o lv e  on b o i l in g  w ith  a  f a i r l y  l a r g e  volum e o f  
e th a n o l!  This; was c o l l e c t e d  (c ro p  E) and th e  a l c i h o l i c  
s o lu t io n  d e p o s i te d  c ro p  P ( 3 .7 5 g ! ) ,  m !p. 2 3 7 °-2 3 9 ° , i t  h ad
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L 3 - 2 2 ,2 ° .
5461
( Found; 0 ,5 7 .7 ;  H, 4 .6 ;  C l , l 4 . 6 .  ^
r e q u i r e s  0 ,6 1 .6 ;  H ,5«5; 0 1 ,1 2 .1  # .
O^^H^O^Ol^. ((^23^26V 2 ^  r e q u i r e s  0 ,5 7 .3 ;  H ,4 .5 ; 0 1 , 1 8 . ^ ) .
A l i t t l e  o f  c ro p  E was decomposed by d i l u t e  sodium 
h y d ro x id e  s o lu t io n ,  washed w e l l  w ith  c h lo ro fo rm  to  remove 
l i b e r a t e d  b ru c in e  and i t s  ab se n ce  t e s t e d  f o r  by a  d rop  o f  
n i t r i c  a c id .  T e tra c h lo ro d ip h e n ic  a c id  was p r e c i p i t a t e d  by 
a c id i f y in g  th e  sodium  h y d ro x id e  s o lu t io n  w ith  2N s u lp h û r ie
a c id .  The a c id  had  C«t ] - 1 1 .3 ° .  The r e s t  o f  crop  E
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was c r y s t a l l i s e d  from  c h lo r o f o r m - l ig r o in  and from  2 -e th o x y -  
e th a n o l  b u t th e  s p e c i f i c  r o t a t i o n  was unchanged .
In  v iew  o f  th e  v e ry  s l i g h t  s e p a r a t io n  a c h ie v e d  and 
th e  a n a ly s i s  o f  th e  s a l t  (above) no f u r t h e r  ex p e rim e n ts  
w ere c a r r i e d  o u t on th e  norm al b ru c in e  s a l t .
A ttem pted  o p t i c a l  r e s o l u t i o n  th ro u g h  th e  a c id  hruo-îne s a l t .
The m ethod o f  A tk in so n  and L a w iir  ( J.A m er'.O hem .Soc..
1940 , 1704) was u sed  w ith  some m o d i f ic a t io n .
In  t h i d  e x p e rim e n t, 4 :4 * ;6 :6 * - t e t r a c h lo r o d ip h e n ic  
a c id  ( 4 .0 g .  , lm o l .  ) was added to  one h a l f  e q u iv s ile n t o f  
b ru c in e  ( 4 .4 g .  , lm o l .  ) u s in g  ad co h o l a s  a  s o lv e n t .
O nly one crop  o f  s a l t  was o b ta in e d  ( 6 .0 g ,  ,7 1 # . )*f 
The m o ther l i q u o r  on f u r t h e r  c o n c e n t r a t io n  l e f t  a  y e llo w  
c
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o i l y  r e s id u e  w hich  d id  n o t  s o l i d i f y  and was r e j e c t e d .  The
s o l u b i l i t y  o f  th e  a c id  s a l t  i n  e th a n o l  was low  and th e  above
m en tioned  c ro p  was s p l i t  up to  g iv e  t h r e e  s o lu t io n s  nam ely
A, B, and  C on th e  b a s i s  o f  s o lu b i l i ÿ y i
From s o lu t io n  B, th e  f i r s t  c ro p  o b ta in e d  (n o . B^)
had  th e  lo w e s t r o t a t i o n  a s  com pared t o  a l l  o th e r  c ro p s
o b ta in e d .  Crop Bn, m'.p»253°-255° (d e co m p ,), ] - 1 6 .8 °
5461
was a n a ly s e d  w hich  shows t h a t  i t  p ro b a b ly  was a  m ix tu re  o f  
mono a c id  b r u d n e  s a l t  and th e  no rm al s a l t ,
( Foimck C ,5 9 .0 ; H ,5 .0 ;  C l , l 4 .3 i  C^i^HgOi^Cli^.
r e q u ir e s ;  0 ,5 7 * 3 ; H ,4 '.5 ; 0 1 ,1 8 .3  # ; G^^HgOi^Ol^, .
(^23^26% ^2^2  r e q u i r e s  0 ,6 1 .6 ;  H ,5 .5 ;  0 1 ,1 2 :1  # ) .
Crop B^ ( 2 :8g '. ) was d is s o lv e d  i n  e th a n o l  ( l5 0 0 m l.)  
from  w h ich , a f t e r  O b ta in in g  two c ro p s  n o s . B^  ^ a id  B^, a
l a s t  c rop  B /, m .p .2 5 2 ° -2 5 5 ° , [ «C j  , said C«CJ
, o o 5461 5791
-39*9  and -3 1 .9  r e s p e c t i v e l y  was o b ta in e d .
From 0 .4 g .  o f  c ro p  Bg decomposed i n  th e  same m anner a s
d e s c r ib e d  i n  th e  p re v io u s  e x p e rim e n t, 0‘» l4 g . o f  (+ ) a c id
was o b ta in e d ,  f*C ] + 8 .9 ° ,  [«C ] + 8 .1  . From
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s o lu t io n  B, a f t e r  f i l t e r i n g  o f f  c ro p  B^, th e  f i l t r a t e  on
f u r t h e r  c o n c e n t r a t io n  gave c ro p  Bg w hich  had  th e  h ig h e s t
s p e c i f i c  r o t a t i o n ,  [  - 6 1 .4 ° ,  f r f  J - 5 0 .1 ° .
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T h is ; was also» decomposed and th e  a c id  o b ta in e d  from  i t
was a l s o  d e x tro  r o t a t o r y ,  [*c ]  + 8 ^2 ° , [ «C J + 7 .4 ° .
5461 5791
The s p e c i f i c  r o t a t i o n  ara w e ll  was n o t  v e ry  d i f f e r e n t  from
th e  a c t iv e  a c id  o b ta in e d  from  a  s a l t  Bg medium
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s p e c i f i c  r o t a t i o n .
E x te n s iv e  f r a c t i o n a l  c r y s t a l l i s a t i o n  o f  a l l  c ro p s  
was c a r r i e d  o u t from  e th a n o l .  In  some c a @ ^  2 - e th o x y  e th a n o l  
was a ls o  t r i e d  a s  a  s o lv e n t!  In  v iew  o f  th e  n e g l i g i b l e  
d i f f e r e n c e  i n  th e  s p e c i f i c  r o t a t i o n  o f  th e  two d e x tro  r o t a t o r y  
a c id s  o b ta in e d  from  th e  b ru c in e  s a l t s '  w ith  v e ry  d i f f e r e n t  
r o t t t t i o n s  and th e  a n a ly s i s  r e s u l t s  o f  th e  s a l t  , f a r t h e r  
e x p e rim e n ts  w ere n o t  c a r r i e d  o u t .
A ttem pted  r e s o l u t i o n  o f  4 : 4 * 6 : 6 '- t e t r a c h lo r o d ip h e n ic  a c id  
th ro u g h  i t s  am phetam ine s a l t .
To ®. c o n c e n tr a te d  s o lu t io n  o f  am phetam ine s u lp h a te  
(L ig h t  and C o ! 's ) ,  m .p !3 2 2 °-3 2 4 °  ( d ^ e n in g  a t  3 0 0 ° ) ( 2 .9 g . ,
N
Im o l .)  i n  w a te r ,  was added a  s o lu t io n  o f  an e q u iv a le n t  
amount o f  sodium c a rb o n a te  i n  w a te r .  F in e ly  ground 
te t r a c h lo r o d ip h e n ic  a c id  ( 2 .0 g . , Im o l! )  was added to  th e  above 
s o l u t io n ,  A c r y s t a l l i n e  s o l i d  a p p e a re d . I t  was a llo w ed  
to  s ta n d  o v e r n ig h t ,  f i l t e r e d  and d r i e d ,  3«5g«(86# y i e l d  o f  
a c id  am phetam ine s a l t ) , m !p .l8 0 ° - l8 2 ^  was o b ta in e d .  I t  was 
o p t i c a l l y  i n a c t i v e .  A ccord ing  to  th e  a n a ly s i s  r e s u l t  i t  
had  n o t  form ed th e  no rm al s a l t  b u t  had form ed th e  a c id  s ^ t !
( Found: 0 ,5 3 :9 ;  H ,3 .8 ; 0 1 ,2 6 ,7 .  O^i^H^O^Ol^^! ^ 2 6 ^ 2
re q A lre s  0 ,5 9 :3 ;  H ,4 !? ; C l ,2 1 ,9 ;  O^H^^N
B e q u ire s : 0 ,5 3 .6 ;  H ,3 :7 ; 0 1 ,2 7 .5  # ) .
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The above s o l id  was d isw o lv ed  i n  w a te r  (300m l!) and 
l e f t  o v e r n ig h t  a t  ab o u t 4 ° :  V ery l i t t l e  s o l i d  a p p e a re d , 
th e  s o lu t io n  was c o n c e n tra te d  to  150m l! w hereby i t  became 
tu r b id  b e fo re  c o o l in g :  A f te r  s ta n d in g  o v e rn ig h t  a t  4 ° ,  0:5Ë«
o f  an o p t i c a l l y  i n a c t i v e  s o l id  was c o l l e c t e d  from  i t ,  
m « p .l8 0 ° - l8 3 ° :  A ll  c ro p s  o b ta in e d  by f u r t h e r  c o n c e n t r a t io n
o f  th e  m o th er l iq u o d  had th e  same ni»p* and w ere o p t i c a l l y  
i n a c t i v e .  The m o ther l i q u o r  on e v a p o ra tio n  to  d ry n e ss  l e f t  
a  s t i c k y  n o n c r y s t a l l i s a b l e  r e s id u e .
As th e r e  was no e v id e n c e  o f  s e p a r a t io n  i n t o  d ia S te re o -  
is o m e r ic  s a l t s ,  t h e  a tte m p te d  r e s o l u t i o n  w ith  am phetam ine 
was g iv e n  up':
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P r e p a r a t io n  o f  1 " :4 *  :2* :3 " - t e t r a G h lo r o -3 :4 -5 :6 -d ib e n 2 c y ( ;la =  
h e p ta - 2 ;  5 - d i e n e - l : l - d l c a r b o x v l l c  a c id .
In  th e  fo l lo w in g  c o n d e n sa tio n s : and f o r  th e  su b se q u e n t 
s t a g e s ,  t h e  m ethod o f  K enner ( J . ,1 9 1 3 , 103 . 621) w ith  
some m o d i f i c a t io n s ,  and Beavôn, B ird , H a l l ,  Jo h n so n , L adbury , 
L e s s i i e  and T u rn e r ( J . ,1 9 5 5 , 2708) w ere ad o p ted !
2 : 2 ' -B isb ro m o m eth y l-4 :4* : 6 : 6 ' - t e t r a c h lo r o d ip h e n y l  
was p re p a re d  from  te t r a c h lo ro -b is h y d ro x y m e th y ld ip h e n y l  ( 3 5 .2 g . ,  
Im o l! )  by h e a t in g  i t s  s o lu t io n  in  g l a c i a l  a c e t i c ^ a c id  
(1 1 0 m l.) w ith  hydrobrom ic a c id  ( 500m l.48#w/w) u n d e r r e f l u x  
f o r  2 # h rs . The s t i c k y  p ro d u c t was d r ie d  i n  vacuum o v e r 
p o ta ss iu m  h y d ro x id e  f o r  4 8 h re !  and th e n  d is s o lv e d  i n  sodium  
d r ie d  e th e r  ( 300m l . ) .
The q u a n t i t i e s  o f  o th e r  r e a c ta ix ts  w ere c a lc u la te d  
on th e  b a s i s  o f  th e  d i o l  u se d  w ith  th e  a ssu m p tio n  t h a t  i t s :  
c o n v e rs io n  i n t o  th e  d ib ro m id e  was t h e o r e t i c a l ,  ( 4 7 .8 g . , lm o l ! ) !
Com m ercial a b s o lu te  e th a n o l  was d r ie d  by h e a t in g  i t  
(200m l!) w ith  sodium  ( 2 .0 g ! )  and d i e t h y l  p h th a la t e  ( 2 0 0 g !) 
f o r  l # h r s  u n d e r r e f l u x .  The a p p a ra tu s  was th e n  r e a r r a n g e d  
f o r  d i s t i l l a t i o n .  The m id d le  f r a c t i o n  o f  th e  d ry  a lc o h o l  
(100m l*) was c o l l e c t e d  d i r e c t l y  i n  th e  d ro p p in g  fu n n e l  w hich 
was to  be u se d  i n  th e  r e a c t io n  a p p a r a tu s .
In  an e l e c t r i c a l l y  h e a te d  m a n tle , a  1 l i t r e  t h r e e  
neck ed  f l a s k  was f i t t e d  w ith  a  m ech a n ic a l s t i r r e r ,  r e f l u x  
co n d e n se r and th e  d ro p p in g  fu n n e l  c o n ta in in g  th e  d ry  a lc o h o l!
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The co n d e n se r and th e  fu n n e l  w ere eq u ipped  w ith  ca lc iu m  
c h lo r id e  tu b e s .
The a p p a ra tu s  was d r ie d  im m e d ia te ly  b e fo re  u s e .
A lco h o l was ru n  i n t o  th e  f l a s k ,  f r e s h l y  c u t  sodium  (4 * 6 g ., 
2atom s) was added to  i t .  Most o f  t h i s  d is s o lv e d  a t  room 
te m p e ra tu re  i n  ab o u t l^ m ih . w ith  i n t e r m i t t e n t  s t i r r i n g .
The f l a s k  was th e n  warmed to  d i s s o lv e  th e  l a s t  t r a c e s  o f  
t h e  m e ta l'.
H eat was tu rn e d  o f f  and d ie th y l  m a lo n a te  ( I 5 . 0 g . , 
I m o l . ) ,  p r e v io u s ly  r e d i s t i l l e d  u n d e r re d u c e d  p r e s s u r e ,  was 
ru n  i n .  A f te r  h a l f  hou rS s s t i r r i n g ,  th e  e th erw tL  s o lu t io n  
o f  b is b ro m o m e th y l- te tra c h lo ro d ip h e n y l  was added g r a d u a l ly  
th ro u g h  th e  d ro p p in g  f u n n e l .  The s o lu t io n  g r a d u a l ly  became 
c lo u d y . S t i r r i n g  was c o n tin u e d  and th e  r e a c t i o n  m ix tu re  
h e a te d  f o r  40m in.
l"he co n d en se r was f i t t e d ,  f o r  d i s t i l l a t i o n  and e th e r
o
was rem oved. M ost o f  i t  d i s t i l l e d  a t  36 and th e  r e s t  betw een  
3'8° to  4l°'*  In  a l l ,  ab o u t 250ml» o f  e th e r  was re c o v e re d .
The a p p a ra tu s  was r e f i t t e d  f o r  r e f l u x :  H ea tin g  w ith  s t i r r i n g
was c o n tin u e d  f o r  2& hrs.
G ra d u a lly , th e  r e a c t io n  m ix tu re  bezame t h i c k e r ;  th e  
c o lo u r  changed  to  y e llo w  and th e n  p in k .  When t e s t e d  i n  
w a te r ,  th e  r e a c t io n  medium was. fo u n d  to  be n e u t r a l  to  l i tm u s .  
T e s te d  w ith  u n iv e r s a l  i n d i c a t o r  p a p e r  th e  pH. was 8 .  The 
f l a ^  was c o o le d , 200ml! o f  w a te r  added to  i t ,  and a llo w ed  
to  s ta n d  o v e r n ig h t .
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A waxy s o l id ' s e p a r a te d .  T h is  was rem oved, w eighed
>i0oOg.,m ;p'.lO5° to  125°;^ The w a te r  l a y e r  was e x t r a c te d
tw ic e  w ith  e t h e r ,  th e  com bined e th e r  e x t r a c t s  w eré w ashed
w ith  w a te r ,  d r i e d  o v e r anhydrous p o ta ss iu m  c a rb o n a te  and
th e n  e th e r  was removed by d i s t i l l a t i o n *  From t h i s  v e ry
l i t t l e  waxy s o l i d  warn o b ta in e d .
The r e a c t io n  p ro d u c t  was c r y s t a l l i s e d  tw ic e  from
O Ôe th a n o l ,  23*8 g , re c o v e re d , m ip .120  -128  .  From th e  o i l y  
m o th er l i q u o r  no more s o l i d  co u ld  be  o b ta in ed *
The above p ro d u c t was d is so & v e d iin  e th a n o l*  C a u s t ic  
p o ta s h  s o lu t io n  (48g* i n  a  few  m l. w a te r )  was added to  th e  
h o t  a lc o h o l ic  a o lu t io n  and b o i le d  u n d e r r e f l u x  f o r  4 h rs*
I t  was th e n  c o o le d , p o u red  i n t o  a l a r g e  volum e o f  w a te r  
and th e  p r e c i p i t a t e  a llo w e d  to  s e t t l e  o v e rn ig h t*  The s o l i d  
(&) was removed by f i l t r a t i o n  and th e  f i l t r a t e  w hich was 
s t i l l  m ilk y  w a s a c id i f ie d  w ith  d i l u t e  h y d ro c h lo r ic  a c id .
A v e ry  s t i c k y  w h ite  p r e c i p i t a t e  w hich co u ld  n o t  be c o l l e c t e d  
by f i l t r a t i o n ,  was formed* The su sp e n s io n  was e x t r a c te d  
th r e e  tim e s  w ith  e th e r  th e  e th e r  removed by d i s t i l l a t i o n ,  
th e  y e llo w  o i l y  r e s id u e  on c o o lin g  form ed a waxy s o l i d ,
9 . $ g * ,m .p * 1 7 2 ° -1 7 ^ , w ith  e v o lu t io n  o f  ca rb o n d io x id e*
The y i e l d  o f  l " : 4 ' - 2 ' : 3 **-1 e t r a c h lo r o - 3 :4 - ^ : 6 -d ib e n z -  
ç y ç io h e p ta - 3 s 5 - d ie n e - l J 1 - d ic a r b o x y l ic  a c id  c a lc u la te d  on 
th e  b a s i s  o f  te tr a c h lo ro b is h y d ro x y m e th y ld ip h e n y l  u se d  i n
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th lS v  th r e e  s te p  s y n th e s is  waK 2 ^ .
( Found: C ,48 ';8 ; H ,2 .4 ; C l, 3410. C^^^j q^Oi^CI)  ^ r e q u i r e s
C ,4 8 .6 ; H ,2 .4 ;  C l ,3 3 .8 ^  ) .
The s o l i d  (x ) was washed w e l l  v ^ th  w a te r  and d r i e d ,  
m 'ip . l4 5 ° - l5 0 ° ,  13*9gi I t  was c r y s t a l l i s e d  from  m e th a n o lf  
m.p‘.l4 7 ° - l4 9 ° * . M ixed nfl,p*i o f  t h i s  w ith  an a u th e n t ic  sam ple 
o f  th e  o x e p in  and p f  th e  p u re  o x ep in  w ere th e  same. T h is  
was a l s o  v e r i f i e d  by a co m p ara tiv e  s tu d y  o f  th e  u l t r a - v i o l e t  
a b s o rp t io n  s p e c t r a  c e |  t h e  a u th e n t ic  o x p ç in  and a  sam ple 
from  t h i s  experim en t^ '
The y i e l d  o f  o x ep in  c a lc u la te d  on th e  b a s i s  o f  13ie 
te tr a c h lo ro -b is h y d ro x y m e th y ld ip h e n y l  used- was 42^".
In  th e  above e x p e r im e n t,p u re  d i e th y l  l " : 4 * - y  *3"*— 
t e t r a c h lo r o - 3 1 4 -  6 -d ib e n z c v c lo h e u ta - 3 : 5 - d i e n e - l : l - d i -  
c a rb o x y la te  was n o t  o b ta in e d .  The m'î'p', o f  th e  r e a c t io n
Q Q
p ro d u c t X120 -128  jf a s  i t  was a m ix tu re  o f  th e  above e s t e r  
and th e  oxep in '. In  a fo rm er ex p e rim en t on th e  same conden­
s a t io n  an e x c e ss  o f  d ie th y lm a lo n a te  was e r ro n e o u s ly  added , 
8 l^  o f  w hich was re c o v e re d  by d i s t i l l a t i o n  from  th e  o i l y  
r e a c t i o n  p roducjf. The y i e l d  o f  th e  above d i e t h y l e s t e r  was
23 ,^ m.p'.l40°-l4l°.
( Found; C ,^ 2 i9 ; H ,3>0j C l, 2 9 .8 .  Cg^B^gO^^Cl^ r e q u i r e s
0 ,9 2 .9 ;  H ,3^8 ; C l ,29':8^ )’.
The o i l y  m o ther l i q u o r ,  a f t e r  rem oval o f  th e  above 
e s t e r  p ro b a b ly  c o n ta in e d  some o x ep in  d is s o lv e d  i n  d i e th y l
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m a lo n a te . No p ro o f  o f  t h i s  w as, how ever, o b ta in e d .
The a tte m p t t o  o b ta in  any s o l i d  by h y d ro ly s in g  th e  
o i l  was a l s o  u n s u c c e s s fu l '.  I t  was d is c a r d e d  a f t e r  s ta n d in g  
f o r  s e v e r a l  w eeks.
P r e p a r a t io n  o f  1"^:4' -2* : 3 " * - te tr a c h lo ro -3 * 4 -9 : b-dlbenzcyqaUST 
h e p ta -3 .; 9 - d le n e - l* ia r b o x y l i c  a c id .
The d ic a r b o x y l ic  a c id  (9*O g .) was h e a te d  in  a  d ry  
t e s t  tu b e  w ith  s t i r r i n g  by a therm om eter i n  a  m e ta l b a th  
a t  1 6 0 ° , The te m p e ra tu re  o f  th e  b a th  was g r a d u a l ly  r a i s e d  
to  200°, Carbon d io x id e  was g iv e n  o f f  and when th e  tem p­
e r a tu r e  i n s i d ^ h e  tu b e  was ab o u t 190°,' th e  l i q u i d  s o l i d i f i e d  
w ith  s l i g h t  d a rk e n in g  i n  c o lo u r .  The t o t a l  tim e  o f  h e a t in g  
was ab o u t 8min',
A lco h o l was added to  th e  t e s t  tu b e  w h i l s t  s t i l l  a t  
ab o u t 180°'. The a c id  was c o m p le te ly  d is s o lv e d  i n  an e x c e s s
o f  b o i l in g  e th a n o l ;  On c o n c e n t r a t io n  and c o o lin g  to  ab o u t 
, 0
4  , th e  mono c a rb o x y l ic  a c id  was o b ta in e d  in  c l u s t e r s  o f  
f i n e  n e e d le  shaped  c r y s t a l s .  I t  was c r y s t a l l i s e d  tw ic e  
from  e th a n o l ,  m ,p i.219°-221°, and w e ig h ed  ? , 0 ^ jÿ 90^  y i e l d :
As i t .  was s l i g h t l y  c o lo u re d  i t  was c r y s t a l l i s e d  a f t e r  b o i l in g  
w ith  c h a rc o a l  when lo n g  r e c t a n g u l s t ^ l a t e s ,  w ith  th e  same 
m ^ p ., w ere  o b ta in e d ';
( Found: 0 ,9 1 .9 ;  H ,2 :8 ; 0 1 ,3 7 :3 :  Cl|+ r e q u i r e s
C ,9 1 ;9 ; h , 2 .4 ;  c i , 3 7 . 3 ^ ) .
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P r e p a r a t io n  o f  M ethyl 1 " ; 4 * - 2 ':  3 " - t e t r a c h l o r o - 3 :4 - 9 : 6 -d lb e z a -
c v c lo h e p ta - 3 : ? - d i^ e - l - e a J b o x y la te «
A s o lu t io n  o f  t e t r a c h lo r o - d ib e n z c v c lo h e p t a d i e n e - l -
c a rb o x y l ic  a c id  ( i tO g .)  was p re p a re d  i n  m e th an o l ( l 4 m l : )
and c o n c e n tr a te d  s u lp h u r ic  a c id  (d j , ,1 .8 4 ;  F .O g .)  was added
to  i t .  The s p lu t io h  was h e a te d  u n d e r r e f l u x  f o r  7 h r s .
On c o o lin g  some s o l i d  s e p a ra te d  o u t .  I t  was a l l  added to
an e x c e s s :o f  w a te r ,  th e  p r e c i p i t a t e  form ed was f i l t e r e d :
I t  was w ashed s u c e e s s iv e ly  w ith  w a te r ,  10^ sodium hydrogen
c a rb o n a te  s o lu t io n  and w a te r :  I t  was d r ie d  i n  an a i r  oven
a t  ab o u t I t  m e lte d  a t  1 ? 8 ° -1 6 0 ° , 0 .9 9 g . ,  98^ y i e l d .
I t  c r y s t a l l i s e d  from  m eth an o l i n  c l u s t e r s  o f  f i n e  n e e d le s ,  
o o 
ffl.p .l5 5  -1 6 0  :
( Found: 0 ,9 2 :7 ;  H ,3o2; 0 1 ,3 6 :1 .  *^i7%2*^^4*^2 r e q u i r e s
0 ,9 2 .3 ;  H ,3V l; 0 1 , 36:3
A ttem p ted  c o n d e n sa tio n  o f  2 : 2 * -b isb ro m o m e th v l-4 :4 ' : 6 : 6.*- 
t e t r a c h lo r o d ip h e n v l  w ith  e th v l  p r o p a n e - l : l - l : 1 - t e t r a -
c a r b o x v la te .
(Compare B eaven, B ird ,  H a i l ,  Jo h n so n , L adbury , L e s s i i e  
and T u rn e r , J . , i9 5 5 >  2 7 0 8 ).
From 4 : 4 '- 6 : 6 • - t  e t r a c h l o r o - 2 : 2 ' - b i  sh y d ro x y m eth y l- 
d ip h e n y l ( 23: 9g # , lm o l : J , th e  b isb rom om ethy l t e t r a c h lo r o  
d ip h e n y l was p re p a re d  i n  th e  u s u a l  m anner, s t i r r e d  w ith  
b o i l in g  l i g h t  p e tro le u m  (4 0 ° -6 0 ° )  and th e  l i g h t  p e tro le u m
—47—
removed in  vacuum o v e rn ig h t '.
To a  s o lu t io n  o f  sodium  e th o x id e  p re p a re d  from  sodium  
(3 :ig*» ;2atom s) and e th a n o l  (9 2 m l:) :  e th y l  p ro p an e  t e t r a -  
c a rb o x y la te  (2 2 .1 g . , lm o l : )  was added a t  room te m p e ra tu re  
w ith  s t i r r i n g .  A f te r  some tim e  th e  s o lu t ip n  o f  th e  above 
m en tioned  b is b ro m o m e th y l- te tra c h lo ro d ip h e n y l  i n  d ry  e th e r  
o (290m l.)  was g ra d u a l ly  added w hereby th e  r e a c t i o n  m ix tu re  ü 
became t u r b i d :  The r e a c t i o n  m ix tu re  was h e a te d  u n d e r f e f l u x
on a h e a t in g  m a n tle  f o r  49m in: a f t e r  th e  a d d i t io n  o f  a l l  
r e a c ta n ts ':
E th e r  was th e n  d i s t i l l e d  o f f  a t  3 6 ° -4 é °  and th e  
a p p a ra tu s  was r e a r r a n g e d  f o r  h e a t in g  u n d e r r e f l u ± .  H e a tin g , 
w ith  g e n t le  s t i r r i n g ,  was c o n tin u e d  f o r  l-^ h rs .
The f l a s k  was a llo w ed  to  c o o l down to  room te m p e ra tu re  
and w a te r  ( 0a :  200m l:) was added to  i t .  On sh ak in g  f o r  some 
tim e  an o i l  s e p a ra te d  w hich  s o l i d i f i e d  on c o o lin g  th e  f l a s k  
i n  an  i c e - s a l t  m ix tu re :  I t  was l e f t  o v e rn ig h t  a t  c a * 4 ° :
The s u p e rn a ta n t  l i q u i d  was f i l t e r e d ,  # i e  waxy s o l i d  was 
washed s e v e r a l  t im e s  w ith  w a te r  on th e  B uchner fu n n e l  and 
d r i e d  a s  much a s  p o s s ib le  on th e  f u n n e l .
I t  was c r y s t a l l i s e d  from  e th a n o l ;  l 8 : 0 g .  o f  a  cream  
c o lo u re d  s o l i d ,  m .p .l21^-"129° was o b ta in e d .  On ad m ix tu re  
w ith  d i e t h y l  l " : 4 » - 2 ' : 3 " - t e t r a c h l o r o - 3 : 4 - 9 ; 6 -d ib e n z cvol@ - 
h e p ta - -3 :9 -< iif f la e - l : l -d ic a rb o x y la te  ( m .p : l 4 0 ° - l 4 l ° ) i t  m e lte d  
a t  121 - 138 .  The c r y s t a l l i s a t i o n  o f  th e  e s t e r  from  e th a n o l
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was how ever n o t  v e ry  s a t i s f a c t o r y  and i t  was h y d ro ly se d  i n  
th e  c ru d e  fo rm . No t r a c e  o f  e th y l  2 ' :4 * t l ^ î S ^ - t e t r a c h l o r o -  
9 :6 - 7 :8 -d ib e n z c v c lo n o n a -9 :7 - d i e n e - l :1 -3  » 3 - t e t r a c a r b o x y la t e  
was d e te c te d :
H y d ro ly s is  o f  th e  above c o n d a is a t io n  p ro d u c t . -  An a lc o h o l ic  
s o lu t io n  o f  th e  above e s t e r  was h e a te d  u n d e r r e f l u x  w ith  a  
l a r g e  e x c e ss  o f  a  s a tu r a te d  aqueous s o lu t io n  o f  p o ta ss iu m  
h y d ro x id e  f o r  1 2 h r^ . I t  was co o led  and p o u red  in to  th r e e  
t im e s  i t s  volum e o f  w a te r,so m e  s o l i d  a p p e a re d . The s o lu t io n  
was a c i d i f i e d  when m ore w h ite  s o l i d  s e p a r a te d :  I t  was
f i l t e r e d ,  w ashed w ith  w a te r  and d r i e d ,  id .p . 1 7 ^ -179°» l6 .9 g *  
T h is  s o l i d  ( I g . ) was c r y s t a l l i s e d  from  d i l u t e  e th a n o l ,  th e  
f i r s t  c rop  o b ta in e d ,  0 « 4 g ,, m e lte d  a t  l4 7 ° - l4 9 °  w ith  no 
e v o lu t io n  o f  g a s .  The second  cro p  s e p a ra te d  a s  an o i l  s o l i d ­
i f i e d  on c o o lin g  to  a  waxy s o l i d  , 0 .4 g : ,  m .p : l8 8 ° - l8 3 °
( w ith  e v o lu t io n  o f  COg).
The re@b o f  th e  w h ite  s o l i d ,  m .p « 1 7 ^ -179°» was h e a te d  
w ith  9^ sodium  c a rb o n a te  s o lu t io n  f o r  a  few  m in . oJi a  
w a te r  b a th .  I t  was f i l t e r e d  a f t e r  c o o lin g  to  room te m p e ra tu r e ,  
7»2g. o f  th e  s u b s ta n c e  h ad  n o t  d i s s o lv e d :  On a c id i f y in g  th e  
c l e a r  f i l t r a t e  w ith  d i l u t e  h y d ro c h lo r ic  a c id  a, s t i c k y  
p r e c i p i t a t e  was fo rm ed ; I t  was f i l t e r e d ,  w ashed tw ic e  w ith  
w a te r  and c r y s t a l l i s e d  from  aqueous e th a n o l :  The f i r s t
c ro p , l : l g . , m e lte d  a t  2l6°-23.7°5 th e  second c r o p ,4 :6 g . ,  w hich
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s e p a ra te d  a s  an o i l  b u t s o l i d i f i e d  on c o o l in g ,a l s o  m e lte d  
a t  th e  same te m p e ra tu re ;  b o th  d e p re s s e d  th e  m .p . o f  an 
a u th e n t i c  sam ple o f  l r 4  : 2 ' : 3 " - t e t r a c h l o r o - 3 : 4 - 9 : 6 -d ib e n z -  
c y c lo h e p t t^ S t  9 - d i e n e - l : 1 - d ic a r b o x y l ic  a c id  b u t n o t  t h a t  of. 
th e  mono c a rb o x y l ic  a c id ;  D e c a rb o x y la tio n  had o b v io u s ly  
ta k e n  p la c e  and to  com ple te  i t  th e  two c ro p s  w ere to g e th e r  
h e a te d  i n  a d ry  t e s t  tu b e  i n  a  m e ta l b a th  a t  200° g r a d u a l ly  
r a i s i n g  th e  te m p e ra tu re  to  219°  and th e r e  k e p t  c o n s ta n t  f o r  
3 ^ n in : The s o l i d  s o f te n e d  s l i g h t l y  and some ca rb o n  d io x id e
was e v o lv e d ; A few  d ro p s  o f  benzene w ere added w h i l s t  th e
tu b e  was s t i l l  v e ry  h o t  and them  more to  g e t  a  c l e a r  s o lu t io n
!w hich  was v e ry  d a rk  brown in  c o lo u c . I t  was c o o le d  and
a llo w ed  to  c r y s t a l l i s e  o v e r n ig h t ;  F i r s t  c rop  o b ta in e d ,  4 ; 4 g . ,
m .p i2 l8 ° -2 1 9 °  ^ d  th e  seco n d , 0 . 4 g . ,m e lte d  a t  2 1 6 °-2 1 7 ° :
An a l c o h o l i c  s o lu t io n  o f  o f  th e  s o l i d  i n s o lu b le
i n  sodium c a rb o n a te  was h e a te d  a g a in  u n d e r  r e f l u x  w ith  an
e x c e ss  o f  c a u s t i c  p o ta s h  f o r  48hrW* Wien a  l i t t l e  m ore o f
th e  m ix tu re  o f  mono and d i  c a rb o x y l ic  a c id s  w as o b ta in e d .
The s o l i d  a f t e r  b e in g  w ashed w ith  w a te r ,  d r ie d  and c r y s tm l l i s e i i
o o
from  d i l u t e  e th a n o l  m e lte d  a t  149 -190  :  I t s  m ixed mi.p; w ith
an a u th e n t ic  sam ple o f  2 : 7 - 8 i h y d r o - 4 ' : l " - 2 ' : 3 '- t e t r a c % l o r o -  
3 :% -9 * 8 -d ib en zo x ep in  and its :; u l t r a - v i o l e t  a b s o rp t io n  sp ec tru m  
p ro v ed  i t  to  be th e  oxepin*
( Found: 0 ,9 1 :2 ;  H ,2 .4 ;  0 1 ,4 2 .8 .  O a le : f o r  0^ i^ Hq001 i^:s
0 ,9 0 .4 ;  H ,2 :4 ; 0 1 ,4 2 :9  %)•
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The o x ep in  was o b ta in e d  i n  20^ y i e l d  and th e  mono
• I s »
c a r b o ^ l i c  a c id  i n  th e  ^ m e  y i e l ^  B oth c a lc u la te d  on tdie 
b a s i s  o f  th e  d i o l  u s e d .
C o n d en sa tio n  o f  2% 2 ' -b is b n o m o m e th v l-4 :4 ': 6 : 6 ' - t e t r a c h l o r o -  
d in h e n y l w ith  e th v l  e th a n e  te tracarb o x y lab iW :
The a p p a ra tu s  u sed  i n  t h i s  ex p e rim e n t was th e  same
a s  d e s c r ib e d  i n  th e  p re c e d in g  c o n d e n sa tio n s  o f  b isb ro m o m eth y l-
t e t r a c h lo r o d ip h e n y i :  The l a t t e r  compound and p u re  e th a n o l
w ere a ls o  o b ta in e d  i n  th e  m anner a l r e a d y  d e s c r ib e d .  B isb rom o-
m e th y l te t r a c h lo ro d ip h e n y l  a f t e r  b e in g  k e p t  o v e r  c a u s t i c
p o ta s h  i n  vacuum was s t i r r e d  w ith  a  few  m l: o f  p e tro le u m
o
e th e r  (b :p :4 o ° -6 0  ) and t h a t  a l s o  removed i n  vacuum o v e r n ig h t .
Sodium e th o x id e  was p re p a re d  from  sodium  ( 3 : Ig#  * 2atom s) ,  
and a b s o lu te  e th a n o l  (49m l: ) :  gwTitofKdl Powdered e th y l
e th a n e  t e t r a c a r b o x y la t e  ( 2 1 :2 g . , l m o l : ) was added t o l t  said 
th e  r e a c t io n  m ix tu re  s t i r r e d  f o r  h a l f  an h o u r . The s o lu t io n  
o f  b isb ro m o m e th y lte tra c h lo ro d ip h e n y l (3 2 .2 g « ,lm o l« ) o b ta in e d  
from  th e  d io l  ( 2 3 :9 g : , lm o l : )  i n  d ry  e th e r  ( I 90m l:)  was saldiedl 
th ro u g h  th e  d ro p p in g  fu n n e l ,  a f t e r  w hich thw  r e a c t i o n  m ix tu re  
was h e a te d  u n d e r r e f l u x  f o r  h a l f  h o u r . The a p p a ra tu s  w as 
th e n  re a r ra n g e d  f o r  d i s t i l l a t i o n  and e th e r  (1 3 0 m l.) c o l l e c t e d  
i n  ab o u t an h o u r , m o st o f  w hich  d i s t i l l e d  betw een  3 6 °-3 8 °  
in  49m in: In  th e  n e x t  I9m ih'«, th e  te m p e ra tu re  r o s e  t o  69°
when d i s t i l l a t i o n  was s to p p ed  and th e  r e a c t io n  was a llo w ed
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t o  p ro c e e d  w ith  g e n t l e  r e f lu x in g  and co n tin u o u s ; s t i r r i n g  
f o r  a n o th e r  l i h r .
The r e a c t io n  medium was a l k a l i n e  to  l i tm u s  th ro u g h o u t 
th e  r e a c t io n  b u t th e  pH ( u n iv e r s a l  i n d i c a t o r  p a p e r)  was 
found  to  f a l l  from  10 to  9 soon a f t e r  th e  rem oval of. e t h e r :  
W ater was th e n  added to  th e  r e a c t io n  p ro d u c t  and i t  
was a llo w ed  to  s ta n d  o v e r n ig h t :  A wsExy s o l id  s e t t l e d  down:
I t  was f i l t e r e d  and d r ie d  a s  much a s  p o s s ib le  on th e  f u n n e l ,  
n i : p : ^ 90° ,  28g .
The w a te r  l a y e r  was e x t r a c te d  w ith  e th e r  t h r e e  t im e s  
b u t no r e s id u e  was l e f t  on rem oval o f  th e  s o lv e n t .
The above waxy s o l i d  was c r y s t a l l i s e d  tw ic e  from  
n rh e x a n e , m :p : l3 0 ° - l4 3 ° ,  2 3 :4 g : M ixed m:p« w ith  e th y l
e th a n e te t r a c a r b o x y la te  was in c o n c lu s iv e .  F u r th e r  c r y s t a l l i s a ­
t i o n  from  n -h e x an e  d id  n o t  change th e  m e lt in g  ra n g e  b u t 
c r y s t a l s  form ed had  two d i f f e r e n t  w e l l  d e f in e d  sh ap ed .
I t  was r e c r y s t a l l i s e d  from  e th a n o l ,  c ro p  A Ë ,p : l4 5 ° -1 5 1 ° , 
8 :0 g : ;  c ro p  B Ë :p :8 5 ° -9 2 ° ,  l6:0g*: w ere o b ta in e d :
Some o f  th e  c ro p  B was r e c r y s t a l l i s e d ; f r o m  e th a n o l ,  
m ost o f  i t  was v e ry  s o lu b le  and ai l i t t l e  was n o t  w hich was 
f i l t e r e d  o f f :  From th e  c l e a r  s o lu t io n ^  a  w h ite  s o l i d  m e lt in g
a t  73°-75°»  l5 « 0 g , was o b ta in e d :  On ad m ix tu re  w ith  p u re
e th y l  e th a n e  t e t r a c a r b o x y la t e  no  d e p re s s io n  was p ro d u c e d , inr 
th e  m e lt in g  p o i n t .  The le s s -  s o lu b le  p a r t ,  m ;p*147°-149°
“ 52“
was added to  c ro p  A;
Crop A (8 :0 g « ) was r e e r y s t a l l ! s e d  tw ic e  from  e th a n o l ,  
a  w h ite  s o l i d  m :p :1 5 l° - l5 2 ° ,  % 0 g : ,  was o b ta in e d .
A ttem p ts  w ere made to  h y d ro ly s e  t h i s  s o l i d  i n  o rd e r  
to  d e t e c t  th e  p re s e n c e  o f  any e s t e r  (8membered r in g )  e x p e c te d  
to : b e  form ed in  th e  above c o n d e n s a tio n , by h e a t in g  i t s  
a lc o h o l ic  s o lu t io n  w ith  e x c e s s  o f  (a )  s a tu r a te d  c a u s t i c  
p o ta s h  s o lu t io n ;  (b )  w ith  sodium e th o x id e  b u t th e  above 
s o l i d  was re c o v e re d  i n  b o th  c a se s '. I t s  m ixed m :p: M th  
a u th e n t ic  2 : 7 -d ih y d ro - 4 ' : 1 ” :2 * : 3 " * - te tr a c h lo ro -3 : 4 - 5 : 6 - d i -  
b en zo x ep in  was th e  same a s  t h a t  o f  th e  p u re  o x e p in . The 
o x e p in  was o b ta in e d  i n  40^ y i e l d  c a lc u la te d  on th e  b a s i s  
o f  th e  d io l  u s e d . Of th e  t o t a l  w e ig h t o f  e th y l  e th a n e  
t e t r a c a r b o x y l a t e  u s e d , 74^ was re c o v e re d  unchanged :
A ttem pted  p r e p a r a t io n  o f  2 : 4 : ^ :7 - t e t r a c h lo r o - 9 :1 0 - d ih v d r o -
p h e n a n th re n e .
H a l l ,  L e s s i i e  and T u rn e r , ( J , ,1950*711) have  u se d  
t h i s  m ethod f o r  th e  p r e p a r a t io n  o f  9 * 1 0 -d ih y d ro p h e n a n th re n e ,
A l i t t l e  more th a n  th e  r e q u i r e d  amount o f  l i th iu m  
( 0 , 5 g , ,2 , la to m s )  was p u t  i n to  a  l i th iu m  p r e s s  and th e  I s s u in g  
w ire  was c u t  i n to  sm a ll p ie c e s  a s  i t  e n te r e d  a  3 $ l i t r e  
t h r e e  n eck ed  f l a s k  p r e v io u s ly  w ashed w ith  n i t r o g e n  and 
c o n ta in in g  ab o u t 25m l, o f  d ry  e t h e r .  A f te r  a l l  th e  l i th iu m  
had  been  added , a  d o u b le  s u r fa c e  r e f l u x  c o n d e n se r w ith  a
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ca lc iu m  c h lo r id e  tu b e  and a  d ro p p in g  fu n n e l  w ere a t ta c h e d  
to  th e  r e a c t i o n  f l a s k ,  A s o lu t io n  o f  brom obenzene (5g»»
Im o l.f  i n  c a .  20ml. d ry  e th e r )  was added s lo w ly  w ith  g e n t le  
warming o f  th e  f l a s k  to  s t a r t  th e  r e a c t i o n .  When a l l  th e  
brom obenzene s o lu t io n  had  been  added i n  ab o u t 2 h r s . , th e  
m ix tu re  was b o i le d  on a .w a te r  b a th  u n t i l  a l l  th e  l i th iu m  
had  d is s o lv e d  w hich to o k  ab o u t 40m in.
The f l a s k  was removed from  th e  w a te r  b a th  and th e  
s o lu t io n  o f  te tra c h lo ro -b is b ro m o m e th y ld ip h e n y l (p re p a re d  
from  th e  d io l  9 .5 g . , lm o l .  and d r ie d  i n  th e  u s u a l  m anner ) 
i n  200m l. d ry e th e r  was adde&  th ro u g h  th e  d ro p p in g  fu n n e l 
a t  a  f a i r l y  f a s t  r a t e .  When a l l  t h i s  s o lu t io n  had been  ru n  
i n ,  th e  r e a c t io n  m ix tu re  was b o i le d  u n d e r r e f l u x  f o r  3$m in.
The f l a s k  was th e n  c o o le d  to  room te m p e ra tu re  an d  
h y d ro c h lo r ic  a c id  was ad d ed . Two c l e a r  l a y e r s  w ere fo rm ed . 
These w ere s e p a ra te d  and th e  aqueous l a y e r  was e x t r a c te d  
tw ic e  w ith  e th e r '.  E th e re a l  e x t r a c t s  w ere com bined and th e  
e th e r  was removed by d i s t i l l a t i o n ,  Bromobenzene was th e n  
d i s t i l l e d  o f f  u n d e r red u ced  p r e s s u r e .
The r e s id u e  s e t  to  a  h a rd  mass; on c o o lin g  to  room 
te m p e ra tu r e .  T h is  was e x t r a c te d  f i r s t  w ith  l i g h t  p e tro le u m  
( b .p .  40 - 60° )  and th e n  w ith  l i g h t  p e tro le u m  ( b ,p .  6 0 ° -8 0 ° ) ,  
On d i s t i l l i n g  o f f  th e  l i g h t  p e tro le u m  ( b ,p .  6 0 ° -8 0 ° ) ,  
h a r d ly  any s o l id  was o b ta in e d .  A f te r  rem oval o f  th e  s o l* 6 i t ;  
from  th e  f i r s t  e x t r a c t  ( b .p ,  4 0 ° -6 0 ° ) ,  th e  r e s i d u a l  m ass 
was l e f t  i n  th e  f l a s k  f o r  3 d a y s , when v e ry  smaM n e e d le - l l k e
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c r y s t a l s  ap p ea red  in  i t .  These w ere f i l t e r e d  o f f  and washed 
tw ic e  w ith  n -h e x a n e , and th e n  c r y s t a l l i s e d  from  th e  same 
s o lv e n t .  P a le  y e llo w  n e e d le s ,  m .p '.205°-210° ( c o n s id e ra b le  
s o f te n in g  a tl7 D ° )  w ere o b ta in e d .  A f te r  r e c r y s t a l l i s a t i o n  
from  a -h e x a n e  i t  s o f te n e d  a t  th e  same te m p e ra tu re  a s  above
w ith  m .p .2 0 5  -2 0 8 ° ,
( Found; C ,6 l .5 ;  6 1 :0 ; H ,2 i8 , 2 .8 ;; 0 1 ,3 6 .2 .
r e q u i r e s  0 ,5 2 .8 ;  H ,2 ,5 ; 0 1 , 4 4 , 6 . O^^H^Ol^ r e q u ir e s ;  
0 ,5 9 .3 ;  H ,3 t2 ; 0 1 ,3 ^ .?  % ) .
A ttem pted  p r e p a r a t io n s ;  o f  4 : 4 ' : 6 :6 '- t e t r a o h lo r o d ip h e n i c
a n h v d r id e :
(A) 4 * 4 's 6 :6 '- T e t r a c h lo r o d ip h e n ic  a c id  ( l . O g , ,
m .p : 264°-2 6 5 °) was d is s o lv e d  in  a few  m l. o f  g l a c i a l  a c e t i c  
a c id  and an eq u a l volum e o f  a c e t i c  a n h y d rid e  was th e n  nadded* 
The s o lu t io n  was h e a te d  a t  l 4 5 ° - l5 0 °  f o r  ab o u t 40miri,
A s o l i d  s e p a ra te d  on c o o lin g  and was f i l t e r e d  o f f .
A second crop  was o b ta in e d  by p o u rin g  th e  f i l t r a t e  i n t o
, i O  Q
w # ;e r .  B oth c ro p s  had  m .p ,262 -2 6 4  and w ere s o lu b le  in  
sodium b ic a rb o n a te  s o lu t io n .  The m ixed m .p . w ith  a u th e n t ic  
t e t r a c h lo r o d ip h e n ic  a c id  p roduced  no d e p re s s io n  in  th e  m .p , 
o f  th e  a c id :
(B) P u re  t e t r a c h lo r o d ip h e n ic  a c id  ( l .O g : )  was h e a te d  
w ith  ex c e ss  o f  a c e t i c  a n h y d r id e  f o r  6 h r s ,  The r e a c t io n  
p ro d u c t was d i l u t e d  w ith  w a te r ,  f i l t e r e d ,  w ashed and d r i e d .
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I t  was s o lu b le  i n  d i l u t e  sodium h y d ro x id e  s o lu t io n .  The 
s t a r t i n g  m a te r i a l  was re c o v e re d  on a c id i f y in g  t h i s - a l k a l i n e  
s o lu t io n ,  m .p .2 6 0 °-2 6 2 °  ( s o f te n e d  a t  258°)'.
SECTION I .
PART B.
STEREOCHEMISTRY OF 3*3 '-BRIDGED 2t2'-DINAPHTHYLS.
INTRODUCTION.
B e a v e n ,H a ll, L e s s i i e  and T u rn e r ( J , ,1 9 5 2 , 85^) 
p re p a re d  2 ' t y - d l h j ^ o - l - ( 2 -h y d ro x y - l-m e th y l-2 -p h e n y lm e th y l) -
l -m e th y l-3 * ^ “ 5 * 6 -d iiien zazep in iian  brom ide ( I ) ,  by i n t e r a c t i o n  
o f  2 : 2 ' -b isb ro m o m eth y ld ip h e n y l and ( f ) e p h e d r in e , a l s o  
2 : 7-dlhvffino- :4 -5 :6 -d ib e n z a z e p in iu m - l-  s n i r o - l  - p ip e r id in iu m  
brom ide ( I I ) ,  and 2 t7 -d ih y d ro -4 -" ' -p h e n y l-3 * 4 -5 :6 -d ib m iz -  
a z e p in iu m - l - s p i r o - 1 " ' -p ip e r id in iu m  brom ide ( I I I )  by t r e a t i n g  
th e  b isb ro m o m eth y ld ip h en y l w ith  p ip e r id in e  and p h e n y lp ip e r id in e . 
r e s p e c t i v e l y .
OH2
Br
CE2
N Br ( I I )
( I )  CH-Me
CHPh-OH
In  Gompuund ( i ) ,  
i f  th e  c y c l i c  system  i s  
d is sy m m e tr ic , i t  sh o u ld  
be a m ix tu re  o f  dia'^ 
s t  e r e o i  som eride  s b u t 
T u rn e r e t .  alU w ere un­
a b le  to  s e p a r a te  th e
H C CH2
Br
( I I I )
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compoimd in to  two s u b s ta n c e s  a s  m en tio n ed  ( p . l l ) .  They a l s o  
c o u ld  n o t  r e s o lv e  compound ( I I )  th ro u g h  th e  (+ ) cam phor- 
su lp h o n a te  o r  th e  ( f - b r o m o c a m p h o r - 'H '- s u l p h o n a t e .  In  
th e  hope o f  augm enting  th e  r o t a t o r y  power th e y  p re p a re d  ( I I I )  
w here -CHPh can o n ly  ta k e  p a r t  i n  th e  g e n e ra l  d issym m etry  
o f  th e  tw is te d  d ip h e n y l s k e le to n  b u t r e s o lu t i o n  c o u ld  n o t  
be a c h ie v e d .
I n  o rd e r  to  a c h ie v e  r e s o l u t i o n  th e y  in tro d u c e d  
m ethoxy l g ro u p s  i n  th e  6:6* p o s i t io n s  w hich  m igh t enhance 
th e  r o t a t i o n  w ith o u t d e te r m in a t iv e  e f f e c t  upon th e  o rd e r  
o f  s t a b i l i t y  o f  th e  c o n f ig u r a t io n  o f  th e  q u a te rn a ry  s a l t s ,  
a s  com pared to  t h a t  o f  compounds ( I ) ,  ( I I )  and ( I I I ) .  Out 
o f  th e  d i f f e r e n t  q u a te rn a ry  s a l t s  o b ta in e d  from  compounds (IV )
MeO OMe MeO OMe
E t'^  '^Et 
(IV )
Br
CH,2
Br
(V)
and (V) s u c c e s s f u l  co m p le te  r e s o l u t i o n  o n ly  o f  2 :7 -d ih y d ro -
if* ; l " - d i m e t h o x y - 3 : 6 - d i b e n z a z e p i n i u m - l - s u i r o - 1 "@ -p ip e r id i n i utn
io d id e  was a f f e c t e d .  The compound th o u g h  h ig h ly  o p t i c a l l y
22
s t a b l e ,  had a  sm a ll s p e c i f i c  r o t a t i o n  («c ] % o  and
5^61
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SCS®)! These f a c t s  p ro v id e d  e v id e n c e  f o r  t h e i r  v iew  t h a t  
m ethoxy l g roups i n  th e  above compounds w ere o f  o n ly  seco n d ary  
im p o rtan ce  i n  a f f e c t i n g  c o n f ig u r a t io n a l  s t a b i l i t y ^
T h e ir  i n a b i l i t y  to  r e s o lv e  compounds ( I ) ,  ( I I )  and 
( I I I )  may, how ever, be due to  th e  sm a ll s p e c i f i c  r o t a t i o n  
o f  such  a com pact r i g i d  s t r u c t u r e .  D ia s te re o is o m e r ic  s a l t s  
form ed from  th e s e  compounds w ould show o n ly  a  l i t t l e  chsBige 
i n  th e  s p e c i f i c  r o t a t i o h  o f  d i f f e r e n t  c ro p s  w hich  may be 
even w i th in  e x p e r im e n ta l  e r r o r  o r  n e a r ly  so andhence th e  
d i f f i c u l t y  i n  e f f e c t i n g  p r a c t i c a l  o p t i c a l  r e s o l u t i o n .
H a ll  and T u rn e r (J .,1 9 5 5 >  12^+2) have a l s o  p re p a re d
CH,2 H 2\e /H 2
Br
(V I) (CH -C ^C H g )^  (■ 'I (V II)
2 :7 -d ih y d ro d in a p h th o ( 2 * :1 - 3 : ^ ) ( l " : 2 ”-5 * 6 ) a z e n in iu m -1 —s n i r o -
20
l" * - p ip e r id in iu m  brom ide (V II)  w ith  [«c] 306*5^ s t a r t i n g
5461
w ith  re s o lv e d  d in a p h th y l  a c id .  T h is  compound (V II)  i s
o p t i c a l l y  v e ry  s t a b l e .  They ra c e m ise d  i t  i n  h o t  e th y le n e
it
g ly c o l  s o lu t io n  and^had a h a l f  l i f e  p e r io d  o f  th e  o rd e r  o f  
2 6 h rs . a t  1 7 2 ° . The o th e r  d in a p h th y l  compounds t h a t  th e y
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o b ta in e d  in  o p t i c a l l y  a c t i v e  fo rm s w ere a ls o  v e ry  s t a b l e
20 %
and had  h ig h  s p e c i f i c  r o t a t i o n  e .g .  (V I) had [•*] 2 0 ^ 3 ° «
5461
C oupling  th e  o b s e rv a t io n s  th t i t  th e  compounds o f  th e  
above ty p e s  a r e  r e s o lv a b le  and t h a t  th e  s p e c i f i c  r o t a t i o n
i s  h ig h  am ongst th e  d in a p h th y l  s e r i e s ,  i t  was c o n s id e re d
l i k e l y  t h a t  a  s im i l a r  2 :2 * -d in a p h th y lq u a te m a r y  s a l t s  w ould 
n o t  be so d i f f i c u l t  t o  r e s o lv e  as  it^A ^euid have a h ig h e r  
s p e c i f i c  r o t a t i o n  th a n  th e  s im i l a r  d ip h e n y l compounds ( I j  I I  
and 111)4 A lso i n  such a  compound th e  two s u b s t i tu e n t f i  
benzene r i n g s  would be i n  p o s i t io n s  o th e r  th a n  th e  b lo c k in g  
o n e s . Thus th e r e  would be no chance o f  in c r e a s in g  th e  
o p t i c a l  a c t i v i t y  due to  added s t e r i c  h ind& rance . Such a  
compound can  be o b ta in e d  from  2 : 2 ' - d in a p h th y l - 3 : 3 ' - d i c a r b o x y l i a  
a c id  and hence  a stçtdy o f  t h i s  s y n th e s i s  was u n d e r ta k e n '.
A d is c u s s io n  o f  th e  u l t r a - v i o l e t  a b s o rp t io n  s p e c t r a  
o f  compounds d e r iv e d  from  th e  above a c id  i s  g iv e n  i n  s e c t io n  
I I I ' .
-60
DISCUSSION.
The m ost o b v io u s  r o u te  to  m eth y l 2 :2 * -d in a p h th y l-  
3 : 3 ' - d lc a r b o x y la te  (V) and h en ce  to  (V I I I )  and (IX ) was 
from  3 -h y d ro x y -2 -n a p h th o ic  a c id  ( I )  a c c o rd in g  to  th e  fo l lo w in g  
scheme:
SCHME A.
( I )
CO Me
COoH
X
CO H 2
( I I I )
COgMe
(IV ) ( I I I  and IV :
X=C1, B r, o r  I ) .
The p r e p a r a t io n  o f  2 -a m in o -2 -n a p h th o ic  a c id  ( I I )  from  
th e  hydroxy  n a p h th o ic  a c id  ( I )  in v o lv e s  th e  u s e  o f  a  s t i r r i n g
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a u to c la v e  (A lle n  and B e l l ,  O re .ftv n th . *22, 1 9 ) .  I t  co u ld  
n o t  be c a r r i e d  o u t i n  th e s e  la b o ra to ry » a n d  hence  th e  su p p ly  
o f  th e  Amino a c id  ( I I )  was l i m i t e d .  A c c o rd in g ly  a l t e r n a t i v e  
r o u te s  to  2 : 2 ' - d in a p h th y l - 3 : 3 ' - d ic a r b o x y l ic  a c id  (X II)  o r  
i t s , e s t e r  (V) w ere c o n s id e re d . S e v e ra l  m ethods w ere t r i e d
CHgOH
CHgOE
(V I)
CH2Br
CHgBr
(V II)
(DC)
(V I I I )
The fo u r  compounds d e r iv e d  from  th e  e s t e r  7  have n o t
—62—
been  d e s c r ib e d  i n  th e  l i t e r a t u r e  p r e v io u s ly ) ,  
in c lu d in g  th o s e  w hich w ere c o n s id e re d  l i k e l y  to  g iv e  a h ig h e r  
y i e l d  o f  th e  d in a p h th y l  compound from  th e  amino n a p h th o ic  
a c id  ( I I )  a s  com pared to  th e  p ro c e s s  o u t l in e d  on page 60 ,
A ll  th e  a tte m p te d  r e a c t io n s  a r e  i l l u s t r a t e d  be low .
SCHEME B,
NBrg^
CO H
CO^H
.C l
(X II)
( I I )
CO.H
( I I I ,  X = B r . )
CO E t
(X I)
HOoC COÆ
( X I I I )
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SCHME C.
COCl
î
00 Me
(I)
(XIV)
Cl
CD H
(XV)
(IV , X = 01 )
(V)
The s im p le s t  of. a l l  t h e s e  schem es seemed th e  one i n  
■which th e  d in s3)h th y l e s t e r  (X I I I )  is:; o b ta in e d  in  one s te p  
(schem e B) by re d u c in g  d ia z o t i s e d  2 -am in o $ 3 ^n ap h th o ic  
a c id  ( I I )  a c c o rd in g  to  th e  m o d if ie d  m ethod o f  V d rla n d e r 
(A nnalen . 1 9 0 320,  138 ) u se d  f o r  d ip h e n ic  a c id .  The 
y i e l d  o f  th e  a c id  (X I I I )  w as, how ever, lo w /an d  th e  r e s u l t s  
w ere n o t  r e p r o d u c ib le .
The ism  2 -b ro m o -3 -n ap h th o ic : a c id  ( I I I )  was o b ta in e d  
from  th e  amino n a p h th o ic  a c id  ( I I )  i n  a- low  y i e l d  by  th e  
m ethod  o f  K enner, R i tc h ie  and Wain (J* ,1 9 3 7 j 1?26) who 
o b ta in e d  i t  i n  a lm o st q u a n t i t a t i v e  y ie ld 'i  The low  y i e l d  
may have been  due to  im p u r i t i e s  p r e s e n t  i n  2 -a m in o -3 -n ap h th o ic . 
a c id  s in c e  i t  p ru v ed  im p o s s ib le  t o  d i a z o t i s e  th e  a c id  coggiLet-
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e iy ;  th e  y i e l d  o f  2 -c h lo ro -3 -n a p h th o ic  a c id  and 2 - io d a - 3 ^  
n ap h th o ic : a c id  made from  i t  by th e  d ia z o  p ro c e s s ,w e re  a ls o  
low ;
These d i f f i c u l t i e s  l e d  t o  th e  s u g g e s tio n  t h a t  th e  
2 -a m in o -3 -n a p h th o ic  a c id  ( I I )  be p u r i f i e d  b e fo re  u se  f o r  
f u r t h e r  r e a c t io n s  b u t th e  l a r g e  s c a le  c r y s t a l l i s a t i o n s :  
in v o lv e d  th&  u s e  o f  v e ry  l a r g e  volum es, o f  th e  s o lv e n t  and 
d id  n o t  m a t e r i a l l y  im prove th e  y i e l d  i n  th e  n e x t  s ta g e .
Hence th e  c ru d e  a c id  was u s e d  f o r  a l l  su b se q u e n t p r é p a ra t io n s ';  
‘i  A ttem p ts  to  p u r i f y  th e  brom onaphthoi©  a c id  ( I I I )  ^
on a  l a r g e  s c a le ,  w ere a ls o  u n s a t i s f a c to r y  and th e  c ru d e  
a c id  h a d , t h e r e f o r e ,  to  be c o n v e r te d  i n to  i t s  e s t e r  ( IV ) , 
w hich  co u ld  be  c r y s t a l l i s e d  e a s i l y  a f t e r  d i s t i l l i n g  i t  i n  
vacuum. The p r e p a r a t io n s  o f  a l l  th e  e s t e r s , ( I V ,  X C l, Br 
o r  I )  w ere c a r r i e d  o u t i n  f a i r l y  good y i e l d  by h e a t in g  th e  
a c id s  w ith  m ethano l i n  th e  p re se n c e  o f  s u lp h u r ic ,  acid*.
As o u t l in e d  in  scheme B, a t t a n p t s  w ete  made to  o b ta in  
th e  e s t e r  (X I) o r  ( I I I ,  X B r . ) by th e  m ethod o f  Loh and 
T u rn er ( J , ,  1955» 1274) f o r  th e  p r e p a r a t io n  o f  bromo compounds 
v i a  d iazon ium  p erb ro m id es '. From (X I) , th e  d io l  (V I) c o u ld  
h av e  been  p re p a re d  in  th e  same way a s  from  ( I I I ) ,  scheme A.
The a t te m p ts ,  how ever, w ere u n s u c c e s s fu l^
F i n a l ly ,  scheme 0 was t r i e d  and m eth y l 2 - c h lo r o - 3 -  
n a p h th o a te  was o b ta in e d  from  th e  hyd roxy  a c id  ( I )  by th e  
a c t io n  o f  phosphorus: p e n ta c h lo r id e  on i t  and th e  a c id  c h lo r id e
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(XIV) decomposed e i t h e r  w ith  m e th y l a lc o h o l  o r  by f i r s t  
h y d ro ly s in g  w ith  w a te r  and th e n  e s t e r i f y i n g  th e  a c id  (XV),
The y i e l d  o f  th e  a c id  c h lo r id e  w as o n ly  26^ , A lso  th e  
y i e l d  o f  th e  d in a p h th y l  e s t e r  (V) was 27% when i t  was; 
p re p a re d  by U llm ann r e a c t io n  on (IV , X = 0 1 .)  w h ereas  w hai 
X = B r i t  was 62^  w hich  was an added d is a d v a n ta g e  o f  th e  
a c id  c h lo r id e  scheme C.
In  v iew  o f  a l l  t h e s e  d i f f i c u l t i e s , i t  was co n c lu d ed  
T hat th e  b e s t  r o u te  to  th e  d in a p h th y l  e s t e r  (V) was th ro u g h  
th e  b rom onaph tho ic  a c id  a s  o u t l in e d  i n  scheme A".
In  th e  p r e p a r a t io n  o f  th e  d io l  (V I ) ,  th e  o n ly  d i f f i c u l t y  
e n c o u n te re d  was i t s  c r y s t a l l i s a t i o n  w hich  was e f f e c te d  
th ro u g h  e th o x y -e th a n o l .  The y i e l d ,  how ever, was 95^» The 
dibBomide (V II)  was o b ta in e d  i n  a lm o st q u a n t i t a t i v e  y i e l d .
The r e a c t io n  betw een th e  d ib ro m id e  and p ip e r id in e  to  form  
th e  azep in ium  compound (V I I I )  r e q u i r e s  no comment. The 
y i e l d  i n  t h i s  c a se  , o f  th e  c ru d e  p ro d u c t ,  was a ls o  a lm o s t 
t h e o r e t i c a l .  I t  co u ld  be c r y s t a l l i s e d  foom o rg a n ic  s o lv e n t s  
as" w e l l  a s  w a te r  b u t i n  th e  l a t t e r  i t  d is s o M e d  o n ly  a f t e r  
p ro lo n g e d  b o i l i n g .  I t s  p u r i t y  w as, how ever, d i f f i c u l t  
to  d e te rm in e  from  th e  m'*p, s in c e  i t  d id  n o t  m e lt  up to  3 4 0 ° , 
I t s : c r y s t a l s  i n  d i f f e r e n t  c r y s t a l l i s a t i o n  e x p e rim e n ts  v a r ie d  
i n  ap p earan ce '.
The o x ep in  (IX ) was o b ta in e d  from  (V I) by no means 
a s  e a s i l y  as; was ex p ec ted '. I f  s t r o n g e r  s u lp h u r ic  a c id
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was u sed ' o r  i f  h e a t in g  was p ro lo n g e d , c h a r r in g  to o k  p la c e .  
The o x ep in  was form ed in  v e ry  sm a ll amout b u t co u ld  be 
p u r i f i e d  w ith o u t much d i f f i c u l t y  s in c e  th e  d io l  (V I) is ;  
n e a r ly  in s o lu b le  i n  m ethano l w hereas th e  o x ep in  c r y s t a l l i s e s  
o u t o n ly  on d i l u t i o n  w ith  w a te r .
The d i f f i c u l t y  en c o u n te re d  in  o b ta in in g  th e  o x ep in  
i n d i c a t e s  t h a t  th e  d ip h e n y ls  w ith  benzene a s  s u b s t i t u e n t s  
do n o t  fa v o u r  th e  fo rm a tio n  o f  oxepAns w hich  i s  su p p o rte d  
by  th e  i n a b i l i t y ,  so f a r ,  o f  H a ll  and T u rn e r (u n p u b lish e d )  
to  o b ta in  th e  o x ep in  from  1 : 1 ' - d in a p h th y l - 2; 2 ' -b is h y d ro x y -  
m e th y l.
EXPERIMENTAL.
P r e p a ta t io n  o f  2 -am in o -^ -n a p h th o lc  a c id .
T h is  was p re p a re d  from  2 -h y d ro x y -3 -n a p h th o ic  a c id  
by th e  m ethod o f  A lle n  and B e l l  (Ore'f S v n th .  ^ 22 . 1 9 ) .  F o r 
th e  i n i t i a l  r e a c t io n  a  s t i r r i n g  a u to c la v e  was r e q u ir e d  
and D r. B. A. C oulson v e ry  k in d ly  c a r r i e d  o u t t h i s  r e a c t i o n  
a t  th e  Q hem ical R esea rch  L ab o ra to rie s ;^  T eddington»
P re p a r a t io n  o f  2 : 2 ' - d in a n h th v l - 1 : 3 ' - d ic a r b o x v l ic  a c id .
T h is  was a m o d if ic a t io n  o f  th e  m ethod o f  V é r la n d e r  
( A nnalen . 1902 , 320, 138) u se d  f o r  th e  p r e p a r a t io n  o f  
d i j f e n ia  a c id .
2-^Am ino-3^naphthoic a c id ,  m’.p .  212°-213° (6 2 .3 g . j 
Im o l.)  was f i n e l y  ground and b o i le d  w ith  h y d ro c h lo r ic :  a c id  
( d ' . l . l é ;  174m l«, 6 m o l.) d i l u t e d  w ith  an e q u a l volume o f  
w a te r .  Some o f  i t  d i s s o lv e d .  I t  was c o o le d  r a p id l y  to  
0° and d i a z o t i s e d  w ith  s o l i d  sodium  n i t r i t e  (2 3 g .y lm o l.)  
w ith  s t i r r i n g ,  m a in ta in in g  th e  t a a p e r a tu r e  o f  th e  r e a c t i o n  
m ix tu re  a t  0° to  4 ° .  S o l id  d iazon ium  s a l t  was o b ta in e d .
To a s o lu t io n  o f  co p p er s u lp h a te  ( l 6 l g ,  i n  770m l, 
w a te r  o f  p e n ta h y d r a te ) , ammonium h y d ro x id e  (d .O .B S , 175ml'o) 
was added w ith  s t i r r i n g ,  fo llo w e d  by sodium m e ta b is u lp h i te  
( 366g , )  and th e n  a n o th e r  360m l, o f  ammonium h y d ro x id e  (d ,0 ,8 8 )^ i 
The m ix tu re  was co o led  to  10°',
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The d ia z o  s o lu t io n  was added to  th e  above m ix tu re  
g r a d u a l ly  a t  10° to  l4 °  w ith  s t i r r i n g .  N itro g e n  was g iv e n  
o f f .  A f te r  th e  a d d i t io n  s t i r r i n g  was c o n tin u e d  f o r  a n o th e r  
h a l f  h o u r .
Anhydrous f e r r i c  c h lo r id e  (2 3 8 g .)  was d is s o lv e d  i n  
w a te r  ( 350m l , ) ,  any in s o lu b le  m a te r i a l  removed by f i l t r a t i o n  
and h y d ro c h lo r ic  a c id  ( d ,1 ,1 8 ,1 1 7 0 m l,) was added to  th e  
c l e a r  f i l t r a t e .  T h is  was th e n  added to  th e  p ro d u c t  from  
th e  above p r o c e s s .  The m ix tu re  f i r s t  tu rn e d  g re e n  and th e n  
d i r t y  yellow*. The p r e c i p i t a t e  form ed was a llo w ed  to  s e t t l e  
o v e r n ig h t .  I t  was f i l t e r e d ,  w ashed tw ic e  on th e  fu n n e l  
w ith  w a te r  and d r ie d  a t  50° ,
2 : 2 ' -D in a p h th y l-3 : 3 ' - d ic a r b o x y l ic  ac4 d , m ,p ,2 6 2 °-2 7 Q °, 
was o b ta in e d ;  1 9 ,O g ,, y]% y i e l d .  I t  was c r y s t a l l i s e d  from  
e th a n o l  ( c h a rc o a l)  and th e n  r e c r y s t a l l i s e d  tw ic e  from  e th a n o l  
The a c id  th e n  m e lte d  a t  2 9 8 °-3 0 0 ° , 1 0 ,5 g » j 21^ y i e l d ,
( Pound: 0 ,7 6 ,8 ;  H ,V ,1 , C a lc , f o r  C22I 1I+O2 0 ,7 2 ^ 2 ;
H,V,1
T h is  p r e p a r a t io n  was r e p e a te d  tw ic e  w ith  some mod­
i f i c a t i o n s  b u t th e  a c id  o b ta in e d  was v e ry  im pure  and f u r t h e r  
a t te m p ts  w ere , t h e r e f o r e ,  n o t  made to  o b ta in  th e  d in a p h th y l-  
d ic a r b o x y l ic  a c id  by t h i s  m ethod .
P r e p a r a t io n  o f  m e th y l 2 : 2 ' - d ln a n h th v l - 3 : 3 ' - d lc a r b o x v la t e .  
The above a c id  (6 ,0 g ,,m ,p ,2 9 8 ° -3 0 0 ° )  was h e a te d
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u n d e r r e f l u x  w ith  m ethano l (900m l.)  f o r  h a l f  an h o u r b u t 
th e  a c id  d id  n o t  d i s s o lv e  c o m p le te ly . C o n c e n tra te d  s u lp h u r ic  
a c id  ( d .1 .8 ^ ,  30g‘. ) was added to  t h i s  = su sp e n s io n . The 
m ix tu re  was h e a te d  u n d e r r e f l u x  f o r  I h e ,  on a h e a t in g  m a n tle  
w hereby th e  d in a p h th y ld ie a rb o x y l ic  a c id  d is s o lv e d  c o m p le te ly . 
The h e a t in g  was c o n tin u e d  f o r  a n o th e r  5 i"hrs,
I t  was co o le d  to  room te m p e ra tu re  and th e n  p ou red  
i n t o  w a te r  ( 2 ,5  l i t r e s , ) ,  A d i r t y  y e llo w  s u b s ta n c e  w ith  
some o i l y  d ro p s  s e p a r a te d .  I t  was l e f t  o v e r n ig h t ,  f i l t e r e d .
w ashed s u c c e s s iv e ly  w ith  w a te r ,  5> sodium hydrogen  c a rb o n a te
os o lu t io n  and w a te r  a g a in .  The p ro d u c t was d r ie d  a t  50 
in  an a i r  oven , m,p* 163°“1 7 0 ° , 7 « 0 g .f  t h e o r e t i c a l  y i e l d .  
I t s  c r y s t a l l i s a t i o n  from m ethano l, how ever, p ro v ed  to  be 
d i f f i c u l t .  The p a le  y e llo w  p u re  e s t e r  m e lte d  a t  173°“ 17^°'*
( Pound: C ,7 7 ,3 ; H ,5 ,0 ,  C a lc , f o r
C ,7 7 ,8 ; H ,if.9  % )V
P re p a r a t io n  o f  2 -b ro m o -3 -^ a p h th o ic  a c id .
S e v e ra l  d i f f e r e n t  m ethods w ere u se d  i n  an a t te m p t 
to  o b ta in  t h i s  compound in  good y i e l d ,  b u t  th e  y i e l d s  i n  
g e n e ra l  w ere low . I t  was a t t r i b u t e d  t o  th e  im p u r i ty  o f  
amino n a p h th o ic  a c id .  T h is  compound; was p u r i f i e d  by 
c r y s t a l l i s a t i o n  from  e th a n o l  u s in g  15m l. a lc o h o l  p e r  gram 
o f  th e  a c id .  The volume o f  a lc o h o l  u sed  was v e ry  l a r g e
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and th e  a c id ,  m,p'. 2 l5 ° -2 l6 .°  co u ld  be re c o v e re d  i n  ab o u t
y i e ld  o n ly .  The o v e r a l l  y i e l d  o f  2 -b ro m o -3 -n ap h th o ic  
a c id ,  ta k in g  in to  c o n s id e r a t io n  th e  amino n a p h th o ic  a c id  
l o s t  d u rin g  c r y s t a l l i s a t i o n ,  was n o t  im proved'. In  v iew  
o f  t h i s  f a c t  th e  amino n a p h th o ic  a c id  was u se d  in  i t s ;  c ru d e  
form  f o r  a l l  p r e p a r a t io n s ,
(A) T h is-m ethod  h a s  been u sed  by K enner, R i tc h ie  and 
W ain, ( J , , :  1937 , 1526)'.
A m inonaphthoic a c id  {6 ,2g ', , lm o r i )  was h e a te d  w ith  
hydrobrom ic a c id  ( d , l . ^  la n l*  ) and w a te r  (20m l',) and th e n  
c o o le d  i n  a f r e e z in g  m ix tu re  to  -3:7, i t  was d ia z o t i s e d  
w ith  a  s a tu r a te d  s o lu t io n  o f  sodium n i t r i t e  ( 2 , 3 g * ,Im o l, )  
i n  w a te r ,  a t  - 2 ° to , - 3 °  i n  ab o u t -i-hr. The p ro d u c t was k e p t  
a t  th e  above te m p e ra tu re  f o r  2 h rs  w ith  o c c a s io n a l  s t i r r i n g .  
The d i r t y  y e llo w  d iazon ium  compound was th e n  c o l l e c t e d  by 
f i l t r a t i o n  on a  B uchner f u n n e l ,  co o le d  p r e v io u s ly  i n  ic e « - s a l t  
m ix tu re  to  0% ’
Cuprous brom ide was f r e s h l y  p re p a re d  from  c û p p e r 
s u lp h a te  p e n ta h y d ra te  ( 16*, 2 g , ) ,  p o ta ss iu m  brom ide (9 * 0 g , ) 
and sodium s u lp h i te  (6 tO g , )', I t  was f i l t e r e d  and w ashed  
tw ic e  on th e  fu n n e l  w ith  a  v e ry  d i l u t e  s o lu t io n  o f  s u lp h u r  
d io x id e  in . w a te r .  I t  was d is s o lv e d  in  hydrobrom ic a c id  
( ^ 1 , 4 8  ;10ml', ) and c o o le d  to  0 ° ,
The c o ld  d iazon ium  s a l t  was added to  th e  s o lu t io n  
o f  cu p ro u s brom ide w ith  s t i r r i n g .  The c o lo u r  changed to  
d a rk  brown a f t e r  lO m in, The te m p e ra tu re  was m a in ta in e d  a t
—7 1 —
0° f o r  -frhr. and th e : p ro d u c t was d i l u t e d  w ith  water(X5ml'« )’,
I t  was l e f t  a h  room te m p e ra tu re  f o r  i -h r .  and th e  r e a c t i o n
com ple ted  by h e a t in g  on th e  w a te r  b a th  f o r  Ihr*-.
The s o l i d  was f i l t e r e d  o f f ,  and a f t e r  a i r  d ry in g ,
had  m .p .198° -2 0 1 °  ( c l e a r  a t  210°)Ç I t  was e x t r a c te d  w ith
fo rm ic  a c id  and th e  s o l i d  o b ta in e d  from  t h i s  s o lu t io n  m e lte d  
o o
a t  20h  -2 0 7  ) w e ig h t y ^2^ y i e l d .  The second cro p
o b ta in e d  was d is s o lv e d  i n  10^ sodium h y d ro x id e  s o lu t io n
w ith  h e a t in g ,  f i l t e r e d  and p r e c i p i t a t e d  w ith  d i l u t e  h y d to -
o o
c h lo r i c  a c id ,  a  d a rk  brown s o l i d  m e lt in g  a t  198 -2 0 2  w as 
o b ta ln e d c  No more a t te m p ts  w ere made to  p u r i f y  th e  a c id  
and i t  was e s t e r i f i e d  d i r e c t l y *
(B) T h is  m ethod was u s e d  by Loh and T u rn e r (l<>rl955» 
127^  ) f o r  th e  p r e p a r a t io n  o f  bromocompounds v i a  d iazon ium  
p:erbrom ides'.
2-A m ino-3* » a p h th o ic  a c id  ( 2 l 5g '* ,lm ol« ) was d i s s o lv e d  
i n  a c e t i c  a c id  (ifOml'i '^* w ith  h e a t in g  and c o o le d  to  room 
te m p e ra tu ré .  Sodium n i t r i t e  ( l.O g .X m o l.)  d is s o lv e d  i n  
c o n c e n tra te d  s u lp h u r ic  a c id  ( ^ 1 , 8 -^^  l 5m l*) was added to  
th e  above s o lu t io n  d ropw ise  w ith  c o n t r o l l e d  sh a k in g , 
m a in ta in in g  th e  te m p e ra tu re  a t  12° to  15°'. I t  was a llo w ed  
to  s ta n d  f o r  i-hr'i a t  15°  and th e n  d i l u t e d  byr add ing  i c e .
T h is  was th e n  t r e a t e d  w ith  brom ine ( ^ 3 '« l 8 ,  0 ,8m lW  d is s o lv e d  
i n  hyd robrom ic  a c id  (5 .0 m lL ) ,  s t i r r e d  f o r  I5 m in . and th e  
s o l id  p erb ro m id e  f i l t e r e d .  I t  was w ashed on th e  fu n n e l  
w ith  w a te r  ( 20ml%) ® id d r i e d  o v e r c o n c e n tr a te d  s u lp h u r ic
-7 2 -
i n  vacuum.
The p erb ro m id e  was decomposed by d is s o lv in g  i t  i n  
g l a c i a l  a c e t i c  a c id  (30m l«) a t  95°'» The m ix tu re  was b o i le d  
to  e x p e l e x c e s s  o f  b rom ine . I t  was a llo w ed  to  s ta n d  o v e r­
n i g h t ,  and f i l t e r e d ^  A y e llo w  s d l i d ,  0«7g. m»p‘,2 1 0 ° -2 1 3 °  
was o b ta in e d ;  I t  was r e c r y s t a l l i s e d  from  g l a c i a l  a c e t i c  
a c id  tw ic e ,  m .p .2 3 ^ ° -2 3 6 ° . I t  d e p re s se d  th e  m'ip". o f  a u th e n t ic
2 -b ro m o -3 -n ap h th o ic  a c id .
T h is  ex p e rim e n t was r e p e a te d  tw ic e  w ith  some m o d if ic a t io n  
b u t  w ith o u t success'»  In  an e x p e rim e n t, th e  p erb ro m id e  was 
decomposed in  è th a n o l  i n  an a t te m p t to  o b ta in  e th y l-3 -b ro m o - 
3 # n a p h th o a te  d i r e c t l y .  The p ro d u c t  o b ta in e d  a f t e r  c r y s t -  ,
séL lis ing  tw ic e  from  d i l u t e  e th a n o l  ( c h a rc o a l)  and once |
from  g l a c i a l  a c e t i c  a c id  m e lte d  a t  16 7 °-1 6 9 °  b u t w as d i s c a r d ­
ed a s  i t  was found  to  be s o lu b le  i n  5% sodium h yd rogen  
c a rb o n a te  s o lu t io n .
(C) A m inonaphthoic a c id  (^ « 7 g .,lm o l* )  was h e a te d
w ith  g l a c i a l  a c e t i c  a c i d ( 50m l.)  and co o led  r a p id l y  i n  i c e d
w a te r .  D ia z o t i s a t io n  was c a r r i e d  o u t by add ing  th e  i c e - ^ o ld
s o lu t io n  o f  sodium n i t r i t e  ( l 'i9 g « , l» lm o r .)  i n  c o n c e n tr a te d
s u lp h u r ic  a c id  (d,l*^.8*+; 6ml%) in  ab o u t i+5mirf. The te m p e ra tu re
o oo f  th e  r e a c t i o n  m ix tu re  was m a in ta in e d  a t  15  to  20 ^ The 
c p io u r  changes f i r s t  to  o ra n g e  then jto  v i o l e t  , th e  i n t e n s i t y  
in c r e a s in g  a s  th e  r e a c t io n  p ro c e e d e d . I t  was a llo w ed  to  
s ta n d  f o r  20min';' w ith  o c c a s io n a l  s t i r r i n g .  Com m ercial 
cu p ro u s brom ide (7 .0 g ;  „2mol'; ) was d is s o lv e d  i n  hydrob rom ic
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a c id  (d .l '^ 4 8 , lOm l'i) and th e  d ia z o  s o l u t io n ,  d i l u t e d  w ith  
c ru sh e d  i c e ,  added to  i t .  The c o lo u r  o f  th e  m ix tu re  beccam e 
d a rk  g re y . I t  was warmed to  60° on a  w a te r  b a th .  A v i o l e t  
c o lo u re d  p r e c i p i t a t e  s e t t l e d  down a f t e r  some tim e '.
I t  was co o le d  to  room te m p e ra tu re ,  f i l t e r e d  and 
d r ie d  a t  50°'. The p ro d u c t o b ta in e d ,  6‘. 5 g . ,. c o n ta in e d  a  
c o n s id e ra b le  p ro p o r t io n  o f  in ro g a n ic  m a t t e r .  From th e  
f i l t r a t e ,  on s ta n d in g  a  b r ig h t  y e llo w  s o l i d ,  m ;p '» l85°-1 9 0  , 
was o b ta in e d ^  The f i r s t  c ro p  (6 .5 g '. ) was c r y s t a l l i s e d  
from  v a r io u s  s o lv e n t s ,  A v e ry  sm all q u a n t i ty  o f  th e  2-brom o-
3 -n a p h th o ic  a c id ,  m'.p‘.2 l5 ° -2 1 7 °  was o b ta in e d  a f t e r  d i s s o lv in g  
i t  i n  10^ sodium c a rb o n a te  s o lu t io n ,  p r e c i p i t a t i o n  w ith  
d i l u t e  h y d ro c h lo r ic  a c id  and c r y s t a l l i s i n g  from  d i l u t e  
a c e to n e  and g l a c i a l  a c e t i c  acid*.
P r e p a ra t io n  o f  2 -c h lo ro -3 -n a p h th o ic  a c id ,
(T h is  p r e p a r a t io n  had  been  c a r r i e d  o u t w ith  a lm o s t 
q u a n t i t a t i v e  y i e l d  by  d ia z o  p ro c e s s  d e s c r ib e d  by Bogmann 
and H irs h b e rg , J , , 1 9 3 é ,  33)L
2—A m ino-3 -naph tho ic  a c id  h y d ro c h lo r id e  (3 1 ',5 g * ,lm o l,)  
was suspended  i n  c o n c e n tra te d  h y d ro c h lo r ic  a c id  ( g , l , l 8 ,  
lOOmlÇ, 7 to o lî) and sodium n i t r i t e  (10 ,,0g , , lm o l . )  in  aqueous 
s o lu t io n  added to  th e  s t i r r e d ,  c o o led  su sp e n s io n  d u r in g  l^hr*. 
S t i r r i n g  was c o n tin u e d  f o r  i h r .  and u r e a  was th e n  added to  
remove some o f  th e  u n re a c te d  n i t r o u s  a c id .
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D uring  th e  r e a c t io n  much o f  th e  s o l i d  h y d ro c h lo r id e  
d is jfa p p e a re d  b u t  a  brown s o l i d  was p r e s e n t  a t: th e  end'i 
T h is  su sp e n s io n  was added to  a  s o lu t io n  o f  C uprous c h lo r id e  
(p re p a re d  f r e s h l y  from  36»Og« o f  co p p e r s u lp h a te  p e n ta h y d ra te )  
i n  h y d ro c h lo r ic  a c id .  A f te r  a  tim e  th e  m ix tu re  was warmed 
and f i n a l l y  h e a te d  o v e r  a  f lam e  u n t i l  no more n i t r o g e n  was 
e v o lv e d . The s o l i d  was f i l t e r e d  o f f  and s t i r r e d  w ith  an 
aqueous s o lu t io n  o f  sodium hydrogen  carbonA be ( 1 2 .0 g . ) ;
A a n a l l  amount o f  d a rk  s o l i d  was removed by f i l t r a t i o n  and 
th e  f i l t r a t e  was a c i d i f i e d .  The p r e c i p i t a t e d  2 - c h lo r o - 3 -  
naph tho im c a c id  was c r y s t a l l i s e d  ftom  e th a n o l  and had  
m .p :2 2 0 °-2 2 1 °^  Y ie ld  1 7 .2g . (5 9 ^ ) ï  The m .p ; was n o t  
d e p re s se d  on ad m ix tu re  w ith  2 -b ro m o -3 ^ a p h th o ic  a c id  (m»p:. 
2 1 9 °-2 2 1 ^ ). L aasa igne ; t e s t s  showed t h a t  th e  a c id s  c o n ta in e d  
c h lo r in e  and brom ine r e s p e c t i v e ly .
P r e p a r a t io n  o f  m e th y l 2 ^ c h lo ro < ^ -n a p h th o a té .
2 -C h lo ro -3 -n a p h th o ic  a c id  ( l 7 . 0 g , ) ,  c o n c e n tra te d  
su lp h u r ic ;  a c id  (d .X iS If, I 7 » 0 g .)  and m eth an o l (170ml*;) w ere 
h e a te d  to g e th e r  u n d e r r e f l u x  f o r  seven  h o u r s .  The s o lu t io n  
was p o u red  i n to  w a te r  and th e  s o l i d  e s t e r  c o l l e c t e d ,  w ashed 
w ith  sodium hydrogen  c a rb o n a te  and w a te r ,  and c r y s t a l l i s e d  
from  l i g h t  p e tro le u m  (b’.pv  U 0°-60°) ( c h a r c o a l ) ;  A f te r  
r e c r y s t a l l i s a t i o n !  from ’ m e th a n o l, m e th y l 2 -c h lo ro -3 -n a p h th o a ire
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had  62w 5°-6^°i Y ie ld  iM-g, (77%)''» DUmaim and D ootson ,
(B etf.,, 1918 , 51» 9 ) gave mVp; 5 8 ° .
P re p a ra t io n  o f  m eth y l 2 - io d o -3 -n a n b th o a te ô
I t  was p re p a re d  on a v e ry  sm all- s c a le  by th e  m ethod 
o f  G o ld s te in  and Com am usaz (H elv . C hlm .A cta '* | 1931 , l i t ,  200) 
b y  e s t e r i f y l n g  2—io d o —3r*naphthoic a c id  w ith  m e th y l a lcoho ih  
i n  th e  p re se n c e  o f  s u lp h u r ic  a c id  % *ich th e y  o b ta in e d  by 
th e  d ia z o  p ro c e s s  from  2 -a m in o -3 -n a p h th o ic  a c id ;
T h is  p r e p a r a t io n  was n o t  r e p e a te d  on a  l a r g e r  s c a le  
as: more o f  th e  am inonaph tho ic  a c id  was n o t  a v a i l a b le  and 
a ls o  t h a t  th e  y i e l d  was n o t  v e ry  d i f f e r e n t  from  th e  c o r r e s ­
ponding  c h lo ro  and bromo e s t e r ^
P r e p a r a t io n  o f  2 -c b lp ro -3 -p a p h th o v l  c h lo r id e .
( Compare S tro h b a c h .B erl , 1901 , ^159; U llm ann and D ootson ,
B b r;.y l9 l8 . 1 , 9 ) '.
2 - I^ d ro x y -3 rn a p h th o ic  a c id  ( 63g . , Im o l';) was m ixed 
w ith  ph o sp h o ru s p e n ta c h lo r id e  (2 0 8 ;0 g ; ,3mol'« ) i n  a  f l a s k  
f i t t e d  w ith  a  co n d en se r c a r ry in g  a  ca lc iu m  c h lo r id e  tube?.
The r e a c t io n  s t a r t e d  a  few  m in u te s  a f t e r  th e  two f i n e l y  
groung s o l i d s  had been w e l l  m ixedl When th e  i n i t i a l  r e a c t i o n  
was o s e r ,  th e  f l a s k  was h e a te d  a t  200°-210° f o r  ^-hré
E x c e ss  o f  phophorus p e n ta c h lo r id e  and p h o sp h o ru s
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o x y c h lo r id e  w erè  removed by d i s t i l l a t i o n  u n d e r  re d u ced  
p r e s s u r e .  The a c id  c h lo r id e  d i s t i l l e d  a t  232°-238°/8mnï»
The second f r a c t i o n  d i s t i l l e d  a t  25O°-260°/8mm, a s :a .y e l lo w  
o i l  w hich d id  n o t  s o l i d i f y  on c o o lin g  and was d is c a r d e d .
The p u re  2 -c h lo ro -3 -n a p h th o y l c h lo r id e  w eighed 1 9 ,3 g « ,
(.2£fo y i e l d ) ;
T h is :p r e p a r a t io n  was re p e a te d  s e v e r a l  t im e s  b u t th e  
y i e l d  co u ld  n o t  be im proved .
P re p a r a t io n  o f  2 -c h lb ro -3 -n a n h th o ic  a c id  from  th e  ac ld i c h lo r id e .
The a c id  c h lo r id e  ( 6 ;6 g . )  was t rB a te d  w ith  w a te r  a t  
room te m p e ra tu re  and th e n  h e a te d  to  80° on a  w a te r  b a th , '
The s o l id  m e lte d  and th e n  r e a c te d  v ig o ro u s ly  s o l i d i f y in g  
to  a  w h ite  su b s ta n c e  and th e n  g r a d u a l ly  ch an g ed  to  yellow*;
I t  was c o o le d , f i l t e r e d ,  washed w ith  w a te r  and d r ie d ^  
m,p» 198° -2 0 5 ° . On r e c r y s t a l l i s a t i o n  from  d i l u t e  m e th a n o l 
i t  m e lte d  a t  2 1 3 °-2 1 5 ° , 2 ,0 g . , ( 3 3 ^  y i e l d ) .
P re p a r a t io n  o f  m e th y l 2 -c h lo ro -3 -n a p h th o a te .
(A) From 2 -c h lo ro -3 "< ia p h th o ic  a c i d : The e s t e r  waS; 
p re p a re d  in  th e  u s u a l  m anner from  2 « 0 g ;, o f  a c id  by  h e a t in g  
i t  u n d e r r e f l u x  f o r  ^ h r s ,  w ith  m eth an o l (20m l'.) and conc­
e n t r a te d  s u lp h u r ic :  a c id  (d .  , i ;8 ^ - ,  ÿ.O g,)*; The e s t e r  o b ta in e d  
had  m ;p ; 5 7 ° -5 9 ° , 1 .9 g .*  (86^ y ie ld ) '.
(B) From 2 ro h lo ro -3 -n a p h th o y l c h l o r i d e : M ethanol was
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c s n it io u s ly  added to  2 -c h lo ro -3 -n a p h th o y l  c h lo r id e  a t  room 
te m p e ra tu re  and th e  m ix tu re  was th e n  h e a te d  u n d e r r e f lu x :  
on a waiter h a th  f o r  45m in; to  com p le te  th e  r e a c t io n '.  E x ce ss  
o f  m ethano l was removed by d i s t i l l a t i o n  and th e  p ro d u c t th e n  
pou red  i n to  w a te r  (5 0 0 m l.) ,  The s o lu t io n  became m ilk y  and 
Idzs y e llo w  o i l  s e p a ra te d '.  On k ee p in g  o v e rn ig h t  a t  ab o u t 
i t  s o l i d i f i e d .  The waxy s o l id  m e lte d  a t  57 -—5 9 ^ ° , I0 » 5 g « , 
(51^ y i e l d ) .  I t  was r e c r y s t a l l i s e d  from  m e th a n o l, m ,p ',5 8 °-
5 9 ° .
The d i a z o t i s a t i o n  o f  2 -a m in o -3 -n a p h th o io  a c id  was 
c a r r i e d  o u t i n  s e v e r a l  b a tc h e s  o f  5^g . each '. R e a c tio n  on 
a  l a r g e r  s c a le  was to o  vo lum inous t o  c a r r y  o u t s a f e lÿ ;
The methXod was e s s e n t i a l l y  t h a t  o f  K enner, R i tc h ie  and 
Wain (£ 0 , 1937 , 1526 ) a s  d e s c r ib e d  e a r l i e r .  S e v e ra l m inor 
m o d if ic a t io n s  w ere t r i e d  i n  th e s e  p r e p a r a t io n s  b j» fw ithou t 
a p p r e c ia b le  im provem ent on th e  y i e l d .
P re p a r a t io n  o f  m eth y l  2 :2 * -d in a D h th v l-3 : 3 ' -d ic a rb o x y # Ü te  by  
th e  Tnimann r e a c t io n ',
(A) Copper b ro n z e  (50^o0g, ) was added in  s n a i l  b a tc h e s  
to  m e th y l 2 -b ro m o -3 -n ap h th o a te  ( 5 l ; 0 g , )  i n  a  tu b e  a t  250°  
p la c e d  i n  a  m e ta l b a th .  The te m p e ra tu re  o f  th e  r e a c t i o n  
m ix tu re  g r a d u a l ly  r o s e  to  310  ^ The te m p e ra tu re  o f  th e
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o ob a th  was c o n t r o l l e d  a t  290 -300  to w ard s  th e  end o f  th e  
r e a c t i o n  f o r  l5min'» The w hole r e a c t io n  to o k  ab o u t 35miri,
The d in a p h th y l  e s t e r  was e x t r a c te d  w ith  to lu e n e  (400mll*) 
and f i l t e r e d  tw ic e .  H a lf  o f  th e  volume o f  to lu e n e  was 
removed by d i s t i l l a t i o n '»  The s o lu t io n  was l e f t  o v e rn ig h t  
a t  ab o u t The f i r s t  c ro p  o f  th e  e s t e r  o b ta in e d  had  ni#p*
169°“1 7 2 ° , 7*2g; second c ro p  had  m ;p * ,l6 6 °- l6 8 ° , ^ '.Ig '.
The y i e l d  was 62^ .
(B) To m eth y l 2 -c h lo ro -3 -n a p h th o a te  (1 7 .5 g » ) ,  was 
added an e q u a l w e ig h t o f  cop p er b ro n ze  a t  175° i n  a  tu b e  
p la c e d  i n  a m e ta l b a th  a t  185°-190°»  The te m p e ra tu re  o f  
th e  r e a c t i o n  m ix tu re  r o s e  to  200°, The r e a c t io n  was 
com ple ted  i n  ab o u t ih r*  The r e a c t io n  p ro d u c t was e x t r a c te d  
w ith  h o t  to lu e n e .  I t  was f i l t e r e d ,  e x c e s s  o f  t o l u a i e  was; 
removed by d i s t i l l a t i o n  and th e  s o lu t io n  was l e f t  o v e rn ig h t  
f o r  c r y s t a l l i s a t i o n .  The m eth y l 2 : 2 ' - d in a p h th y l - 3 : 3 ' -  
d ic a r b o x y la te  was o b ta in e d  in  27^ y i e l d .  F i r s t  c ro p  had  
m ,p ; l6 9 ° -1 7 0 ° , 2«5g»j second  crop  had  m'ip, 1 6 ^ ° -1 6 9 ° ,
l» 5 g .
P r e p a r a t io n  o f  3 : 3 ' - h i  sh y d ro x v m e th v l-2 :2 ' - d in a n h th v l .
A su sp e n s io n  o f  f i n e l y  g round  l i th iu m  alum inium  
h y d r id e  ( lO .O g ,,2 ,6 m o l, ) was p re p a re d  in  d ry  e th e r  ( e a ,8 Q0fli;^ 
i n  a- 2  l i t r e  t h r e e  necked  f l a s k  equ ipped  w ith  a  r e f l u x  
c o n d e n se r , a  d ro p p in g  fu n n e l  and a  m ech a n ic a l s t i r r e r * .  The
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above e s t e r  ( 3 7 .6 g .Im o l',)  was g round to  a  f i n e  pow der and 
added to  t h i s  su sp e n s io n  i n  sm a ll b a tc h e s  fo llo w e d  by a  
few  m i; o f  d ry  e th e r  (c a ,3 0 0 m l. u s e d  i n  a l l ) .  The r e a c t io n  
was f a i r l y  v ig o ro u s .  To com ple te  th e  r e a c t io n  th e  f l a s k  
was h e a te d  on a  w a te r  h a th  f o r  3"th rs, I t  was c o o le d  to  
room te m p e ra tu re  and th e  h y d r o ly s is  was c a r r i e d  o u t by w a te r ,  
fo llo w e d  by 2N s u lp h u r ic  a c id  f 1000m l.) w ith  s t i r r i n g .
The e x c e s s  o f  s u lp h u r ic  a c id  was added in  o rd e r  to  d i s s o lv e  
th e  alum inium  s a l t s  w hich  may have been  p r e s e n t  i n  th e  
w h ite  f lo c G u la n t  p r e c i p i t a t e  o f  th e  d i o l .  I t  was a llo w ed  
to  s ta n d  o v e r n ig h t .  The d io l  was c o l l e c t e d  by f i l t r a t i o n .  
From th e  e th e r e a l  p a r t ,  when e th e r  was d i s t i l l e d  o f f ,  no 
r e s id u e  was l e f t .  The above f l o c c u la n t  p r e c i p i t a t e  was 
d is s o lv e d  by h e a t in g  u n d er r e f lu x ;  w ith  e x c e ss  o f  e th o x y  
e th a n o l  (2000m l',) and th e n  c r y s t a l l i s x e d  from  i t .
The f i r s t  c ro p  of. th e  d io l  o b ta in e d  a s  f i n e  f l a t  
n e e d le s ,  n t,p ,2 3 6 ° -2 3 7 ° , w eighed  2 6 ,Og, The m o ther l i q u o r  
was c o n c e n tra te d  to  hM .f i t s  volum e and l e f t  o v e rn ig h t  a t.
a p p e a re d . a i l d t e d  and a llo w ed
to  s ta n d  o v e r n ig h t .  The second c ro p , m ,p ;2 3 3 ° -2 3 ^ ° , w eighed 
3‘i8 g ,  Some more d i o l  was c o l l e c t e d  by d i l u t i n g  th e  m other 
l i q u o r  f u r t h e r .  I t  had  m ip , 2 2 9 °-2 3 1 ° , 0 ,7 g ,  The t o t i l  
w e ig h t o f  th e  d io l  o b ta in e d  was 30 , 5g, ,  95^ y i e l d .
The d i o l  p re s e n te d  c o n s id e r a b le  d i f f i c u l t i e s  d u r ig g  
c r y s t a l l i s a t i o n ' .  E a r l i e r  benzene was u se d  a s  a  s o lv e n t
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b u t w ith  l i t t l e  s u c c e s s ;
( Found: 0 ,8 2 .9 ;  H ,5«8 , CggE^gOg r e q u i r e s  C ,84*.l;
H ,5 :7  % ) .
P r e p a r a t io n  o f  3 : 3 '-b is b ro m o m e th v l-2 :2*-d in a p h th y l '.
The above d io l  ( 2 0 .0 g , ) was d is s o lv e d  i n  b o i l in g  
g l a c i a l  a c e t i c  a c id  (l5m l« a c id  p e r  g . o f  d io l )  and 
hydrobrom ic a c id  (10m l. a c id  p e r  g , o f  d&ol; w/w) was; 
added to  i t .  I t  was h e a te d  u n d e r r e f lu x  f o r  3 h r s ,  The 
f l a s k  was th e n  eo o le d  and th e  r e a c t io n  p ro d u c t  pou red  i n t o  
w a te r  (1 0 0 0 m l,) , The p r e c i p i t a t e  was f i l t e r e d  and d r i e d ,  
m * # ; i6 l° - l6 4 ° ,  2 7 i8 g , ,  99^  y ie ld '.
The cream  c o lo u re d  c ru d e  d ib ro m id e  was c r y s t a l l i s e d  
from  g l a c i a l  a c e t i c  a c id  ( c h a r c o a l ) ,  m ',p '; l6 l° - l6 3 ° .  On 
r e c r y s t a l l i s a t i o n  i t  m e lte d  a t  1 6 4 ° -1 6 6 ° ;
C Found: 0 ,6 0 .3 ;  H,3‘,8 ;  B r ,3 5 '.^ . Cg^H^gBrg r e q u i r e s
0 ,6 0 ,0 ;  H ,3>7; B r:,36 ;3^  )'.
The above r e a c t i o n ,  on a  sm a ll s s c a l e ,  was a ls o  
c a r r i e d  o u t by add in g  s o l i d  d i o l  d i r e c t l y  to  b o i l in g  h y d ro ­
brom ic a c id .  The h isb ro m o m e th y l-d in a p h th y l from  t h i s  
experim en t: m e lte d  a t; 1 ^ 9 ° - l5 l °  and th e  y i e l d  was a l s o  lo w e r .
P r e p a ra t io n  o f  2 :7 -d ih y d ro d in a p h th o (2  * :3  ' - 3 : ^ ) ( 2 " :3 " - 5 :6 )  
a z e p in iu m -1 - s p iro -1 " ' - p in e r id in iu m  b rom ide .
B isb ro m o m e th y l-d in a p h th y l (8 ;8 g ’,  ,lm o l', ; m ',p 'i l6 l° - l6 3 ° )
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was d is s o lv e d  in. warm benzene (c a .8 0 m l« ) a id  p ip e r id in e  
(3 ;8 g « ,2 ;2 m o l> ) m ixed w ith  20m l, benzene  was added to  i t .  
C lo u d in e s s  ap p ea red  a lm o s t a t  o n ce . The m ix tu re  was warmed 
on a w a te r  b a th  (1 0 0 °) f o r  ab o u t 5m±n, The s a l t s  s e t t l e d  
down a s  an o i l ;  On c o o l in g ,  i t  s o l i d i f i e d '  i n  a  few  h o u rs  
to  a  h a rd  cream  c o lo u re d  s o l i d ;  I t  was f i l t e r e d  o f f ,  müp, 
c a , 200° ( decomp) , 1 2 , 2g,
I t  was r e c r y s t a l l i s e d  from  w a te r ,  i n  w hich  i t  was 
s p a r in g ly  s o lu b le ;  th e  f i r s t  tim e  in  l a r g e  s i l v e r y  p la t e s :  
and th e  second  tim e  in  sm all r e c ta n g u la r  p l a t e s .  I t  d id  
n o t  m e lt up. to  3 ^ 0 ° ,
C Pound: 0 ,6 9 :8 ;  H ,5 ,7 ;  N, 5 1  B r, 17-6 C g^g^M B r, H^O
r e q u i r e s  0 ,7 0 ;» ;  H ,6 , i ;  N, 5 -6  B r; 173 >•
From a n o th e r  ex p e rim e n t on c r y s t a l l i s a t i o n ,  i t  fo rm ed
two ty p e s  o f  c r y s t a l s .  One ty p e  was w h ite  and th e  o th e r
s l i g h t l y  cream  i n  c o lo u r ’.  When d r ie d  i n  a i r  a t  5 0 ° , th e
o ^w h ite  form  changed i n  appeairance and th e n  m e lte d  a t  332 
Some o f  th e  cream  c o lo u re d  fo rm a i a l s o  changed to  th e  same 
ap p ea ran ce  on d ry in g , w ith  th e  same m*,p‘i T h is  was p ro b a b ly  
due to  d i f f e r e n t  amount o f  w a te r  o f  c r y s t a l l i s a t i o n ^  o r  
p e rh a p s ;d u e  to  some p ip e r id in e  p r e s e n t  a s  an im p u r i ty .
The spec trum  o f  th e  azep iiiium  compound i s  d is c u s s e d  
i n  s e c t io n  I I I ,
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P r e o a r a t lo n  off 2 :7 -d ih y d rodj nmnhth o  ( 2 ' : 3 ' -3  *^) ( 2" : 3 f'- 5 : &) o x e n ln .
3 :3 » -B ish y d ro x y m e th y l-2 :2*-d in a p h th y l  ( l .O g . ,in«p;
2 36°-2 3 7 °) was h e a te d  w ith  s u lp h u r ic  a c id  vA ij ^Omï»)
i n  a  b e a k e r  on a h o t  p l a t e  f o r  ab o u t 30m in; The te m p e ra tu re
g r a d u a l ly  r o s e  to  1 5 0 ° . I t  was c o o le d , d i l u t e d  w ith  w a te r
and f i l t e r e d ,  m .p ;2 2 0 ° -2 2 3 ° , iW g .  The m ixed m ,p , w ith
th e  d io l  was eg , 220° ( s o f t e n s - a t i - 208°) w hich was in c o n c lu s iv e .
A ttem p ts  to  c r y s t a l l i s e  th e  above p ro d u c t  from
( i )  g l a c i a l  a c e t i c  a c id ,  ( i i )  e th o x y  e th a n o l ,  ( i i i )  m e th a n o l,
and Civ) n ^ p ro p y l a lc o h o l  f a i l e d .  In  th e  f i r s t  th n e e
s o lu t io n s  on d i l u t i o n  w ith  w a te r ,  some f i n e  n e e d le  sh ap e#
c r y s t a l s  a p p e a re d . A ll  th e  s o l i d  was re c o v e re d  by d i l u t i n g
th e  s o lu t io n s  and b o i le d  w ith  m e th an o l ( ç a ,  200m l, )', The
w h ite  i n s o lu b le  r e s id u e  ( x ) ,  0 .6 3 g ; , had m »p,220° - 225°
(n o t  c l e a r )  and d id  n o t  d e p re s s  th e  m .p , o f  th e  p u re  d i o l .
The above a lc o h o l ic  s o lu t io n  was a llo w ed  to  c o o l
down to  room te m p e ra tu re  and th e n  f i l t e r e d  a g a in  i n  o rd e r
to  remove th e  s l i g h t  t u r b i d i t y  w hich  was p ro b a b ly  ca u sed
th e ;
by th e  p r e c i p i t a t i o n  o f  d  d io l  t h a t  may have d is s o lv e d '.
The f i l t r a t e  was d i l u t e d  w ith  w a te r .  The o x ep in  was O b ta in ed
i n  f i n e  lo n g  n e e d le  shaped  c r y s t a l s ,  m(*p; 223^ - 221+°, 0^12g .
o
On a d m ix tu re  w ith  th e  d i o l ,  i t  m e lte d  a t  205 -2 1 0 ° , I t  
was r e c r y s t a l l i s e d  from  d i l u t e  m e th a n o l, m ,p ,223 , 5° - 22i f ,5° ,
On f u r t h e r  c r y s t a l l i s a t i o n  th e  iriop; rem ained  u nchanged .
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( Pound: 0 ,8 7 .1 ;  H ,5 .6 ‘.  r e q u i r e s :  0 ,8 7 :1 ;  a ,5 :6 ^ ) '.
In  o th e r  ex p e rim e n ts  i n  an e f f o r t ;  to  im prove th e  
y i e l d  o f  th e  d i o l ,  c h a r r in g  to o k  p la c e ,  on in c r e a s in g  th e  
c o n c e n t r a t io n  o f  s u lp h u r ic  a c id  o r  th e  tim e  o f  h e a t in g  
th e  d io l  w ith  th e  a c id .
The spec trum  o f  th e  above o x ep in  i s  d e s c r ib e d  i n  
s e c t io n  I I I ,
SECTION 11-^
■s.'r
PART A.
STUDY OF DIALDEHYDE-2:2» -DIPHENYL*.
INTRODUCTION.
S u b s t i tu te d  d ip h e n y ls  w ith  two o r th o  c a rb o n y l g ro u p s  
can  le a d  to  th e  fo rm a tio n  o f  a  l a r g e  num ber o f  compounda 
w hich  may n o t  o th e rw is e  be e a s i l y  o b ta in a b le .  The p r e p a r a t io n  
o f  d i p h a i y l - 2 : 2 ' -d ia ld e h y d e  was s t a r t e d  w ith  th e  id e a  o f  
c a r ry in g  o u t th e  in te rp f e s t in g  s y n t h e ^ s  o u t l in e d  below i
OHC OHO
RCE^.MgX
HOHC CHOH
RHgC
I
OH R 
2
HBr
HO CH
I I
RHC
I I
CHR
q u in o lin e ,
BH,C
rc a t a l y t i cr e d u c t io n .
CH
CH R 
2
BrHC CHBr
RHC
2
CH^R
••85—
r
D ip h en y l- 
2 :2 * - d l  a ldehyde,
CHHC
P e rk in
r e a c t io n
CHHCCHHC
II
HC
HO2C
CH N
CO^H
c a t a l y t i c
r e d u c t io n .
HO_C 00 .H
The above d i a ld eh y d e  
can  be  p re p a re d  by an Ullmann 
r e a c t io n  on o r th o -iodobengr- 
a ld e h y d e . M ay e r,( H er. , 1911»
Mt, 2298 ; 1912 , i t i ,  1105 ) o b ta in e d
io d o b en za ld e h y d e  from  0- amino­
b e n z a ld é h y d e , The l a t t e r  may 
be p re p a re d  from  o - n i t r o to lu e n e  v i a  o -n i tro b e n z a ld e h y d e  
( O rg .S v n th . . 24 . 75; 28 , 1 1 ) .  Rapson and S h u tt le w o r th  (£ 0 » 
1955» 487) o b ta in e d  ^^-iodobenzaldehyde from  io d o b e n z o ic  
a c id  i n  th r e e  s ta g e s '.  T hese m ethods o f  p re p a r in g  o - io d o -
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b e n z a ld e h y â e , th o u g h  q u i t e  s u i t a b l e  f o r  o b ta in in g  d ip h e n y l-
2 :2 '- d ia ld e h y d e  on a l im i t e d  s c a l e  a r e  n o t  f e a s i b l e  f o r
l a r g e r  q u a n t i t i e s  o f  th e  d ia ld e h y d e .
Cohen and Hausen ( J . ,1897» 21» 1057) w ere th e  f i r s t
t o  o b se rv e  t h # t  b e n z y l a lc o h o ls  can  be c o n v e r te d  i n to  th e
a
c o rre sp o n d in g  a ld eh y d e s  by d in i t r o g e n  t e t r o x i d e .  In  r e c e n t  
p u b l i c a t i o n ,  F ie ld  and G rundy, ( J . ,1955» 1110) have d e s c r ib e d  
i n v e s t i g a t i o n s  i n to  t h i s  r e a c t io n  upon s u b s t i t u t e d  b e n ^ l  
a lc o h o ls .  They o b ta in e d  good y i e ld s  o f  a - c h lo r o ,  bromo and 
io d o  b en z a ld eh y d es  am ongst many o th e r s ',  t h e  a p p l i c a b i l i t y  
o f  t h i s  r e a c t io n  to  b e n z y l a lc o h o ls  w ith  e l e c t r o n i c a l l y  
and s t e r i c a l l y  d i f f e r e n t  g roups l e d  to  th e  s u g g e s tio n  t h a t
th e  2 «2^-»d ipheny l-2 : 2 ' -d ia ld é h y d e  may be o b ta in e d ,  f a r  more
? -
c o n v e n ie n t ly ,  by th e  o x id a t io n  o f  2 : 2 ' -b ish y d ro x y m e th y l-  
d ip h e n y l w ith  n i t r o g e n  t e t r o x i d e  d i r e c t l y .
DISCUSSION'.
In  a tte m p te d  s y n th e s i s  o f  d ip h e n y l-2 'î2 ’ -d ia ld e h y d e  
from  d ip h e n ic  a c id ,  th e  d io l  ( I )  was p re p a re d  i n  a good 
y i e l d  a c c o rd in g  to  th e  m ethod o f  H a ll  and T u rn e r ( J . ,1 9 ^ 0 ,
7 1 1 ) . The p r e p a r a t io n  o f  n i t r o g e n  t e t r o x i d e  p r e s e n te d  
c o n s id e r a b le  p r a c t i c a l  d i f f i c u l t i e s  a s  p o in te d  o u t i n  th e  
e x p e r im e n ta l  t h a t  f o l lo w s .  I n s p i t e  o f  a l l  p o s s ib le  p r e c a u t io n s ,  
i t  was d i f f i c u l t  to  s to r e  n i t r o g e n  t e t r o x i d e  i n  a  d ry  s ta te #
CH OH
( I )
OHC CHO
( I I )
a n d /o r
CH OH
(IV )
\ \  / / ^  /
( I I I )
The r e a c t i o n  o f  th e  d i o l  ( I )  w ith  n i t r o g e n  t e t r o x i d e  
gave an o i l ,  from  w hich th e  o n ly  p u re  compound i s o l a t e d  
was ( I I I )  i n  6l% y i e l d .  A ccord ing  to  th e  m echanism  o f  
r e a c t io n  p o s tu la t e d  by F i e ld  and Grundy ( J . ,1 9 5 5 ,  1110)
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i t  sh o u ld  have  p ro c ed ed  by h e m o ly tic  a t t a c k  o f  •HO2 r a d i c a l s  
on th e  -m e th y len e  g ro u p s ;a n d  th e n  decom posing to  form  
th e  a ld eh y d e  a s  f o l lo w s :
C/Hh.CH^OH C6Hv‘;CH(0H)N02
r  ^  ^ + IfNOg  > 1° 2HN0_(H^0 + N ^ 0 J
OH CgHl^^oCH(OH)NO
CxH,/.CHO
1  ^ f  2HH0_(E^0 + N ~ 0 , )
The re a s o n  f o r  th e  fo rm a tio n  o f  th e  la c to n e  ( I I I )  
i s  n o t  q u i t e  c l e a r .  I t  may e i t h e r  have  form ed from  th e  
d ia ld e h y d e  a s  i n  one ex p e rim en t i t  was i s o l a t e d  o n ly  a f t e r  
th e  r e a c t io n  p ro d u c t had  been l e f t  f o r  3 d a y s , o r  d u rin g  
th e  d eco m p o sitio n  o f  th e  in te r m e d ia te  compound (above)*; 
A no ther p o s s i b i l i t y  i s  t h a t  o n ly  one b e n z y l group o f  th :e  
d i o l  ( I )  was o x id is e d  to  th e  a ld eh y d e  group b u t th e  o x id a t io n  
was c a r r i e d  one s ta g e  f u r t h e r  to  form  ar c a rb o x y l group- a s  
a n a ly s i s  r e s u l t  o f  th e  o i l y  r e a c t io n  p ro d u c t s u g g e s ts  t h a t  
i t  p ro b a b ly  was a  m ix tu re  o f  (IV ) w ith  e i t h e r  i t s  l a c to n e  
( I I I )  o r  /  and th e  d ia ld e h y d e . A ttem p ts  to  d e t e c t  th e  
p re s e n c e  o f  th e  d ia ld e h y d e  th ro u g h  i t s  d iox im e (M ayer, B e r. .  
1911» 22.» 2101; m .p t 175°  to  176° )  o r  2 : 4 - d in i t r o p h e n y l -  
h y d razo n e  (Weygand Angew. Chim. ,1 9 ^ 3 ,  65 ,  52?) w e re ,
how ever, in c o n c lu s iv e ’;
R eccpse was th e n  ta k e n  to  th e  fo llo w in g  m ethod .
CO H CH^OH
(V) (V I) (V II)
OHC CHO
or
( I I ) (V I I I )
o -Io d o b e n z y la lc o h o l was o b ta in e d  by F ie ld  and G ru n d y 's  
m ethod ( l o c . f l i t . )  b u t th e  r e a c t io n  was by no means a s  su c c e s s ­
f u l  a s  th e y  c la im e d . The y i e l d ,  w ith  t h e i r  c o n d i t io n s  o f  
e x p e rim e n t, was o n jy  1 2 ^ . T h is  was m a in ly  due to  th e  l o s s  
o f  io d in e .  T h is  was av o id ed  by  c a r ry in g  o u t th e  r e a c t i o n  
a t  -4 0 °  t o  -3 0 °  when th e  y i e l d  in c r e a s e d  to  The
aldehyde? (V I I I )  w as, how ever, o b ta in e d  i n  97^ ÿ i e l d  from  
th e  io d o b e n z y l alcohol*^; The U llm ann r e a c t io n  (R apson and 
S h u t t le w o r th ,  l o c . c i t ; ) on th e  a ld eh y d e  (V I I I )  d id  n o t  g iv e  
such  a  good r e s u l t  a s  o b ta in e d  by th e s e  a u th o r s .
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In  v iew  o f  th e  d i f f i c u l t i e s  e n c o u n te re d  a t  v a r io u s
s ta g e s  i n  p re p a r in g  o - io d o b e n z y l a lc o h o l  and th e n  a ls o
th e  low  y i e l d  o f  th e  d ia id e h y d e i  from  th e  l a t t e r ,  f u r t h e r
e x p e rim e n ts  w ere n o t  c a r r i e d  o u t .
The d ia ld e h y d e  on a d d i t io n  o f  h y d ra z in e  p o ly m e rise d
a lm o st i n s t a n ta â e o u s ly .  R e a c tio n  w ith  ^ -p h e n y le n e  d iam ine  
r
a l s o  gave gjeenish  brown p ro d u c t w hich co u ld  n o t  be i d e n t i f i è d .
SXPSRIMENTAL.
P r e p a r a t io n  o f  d lm e th v l 2 t2 * -d lp h e n a te .
H a ll  and T u rn e r ( J . ,1 9 ^ 0 , 7 1 1 ) .
D lphen ic  a c id  (6 3 .0 g .)  was d is so v e d  i n  m e th an o l (850m lo) 
and c o n c e n tra te d  s u lp h u r ic  a c id  ( d , l '; 8 ^ ,  63*O g.) was added 
to  ££ . I t  was h e a te d  u n d e r r e f l u x  f o r  8 h r s .  E xcess o f  
m e th an o l was removed by d i s t i l l a t i o n  and th e  e s t e r  was 
p r e c i p i t a t e d  by p o u rin g  th e  r e a c t io n  p ro d u c t i n  a  l a r g e  
volum e o f  w a te r .
The e s t e r  w eighed 56'.7g* m ,p '.73°—7 ^ ° , 80^ y i e l d .
I t  was r e c r y s t a l l i s e d  from  m eth an o l, m’.p 'i7 ^ ° -7 5 ° .
P r e p a r a t io n  o f  2 :2 '-b is h v d ro x v m e th v ld ip h e n y l.
H a ll  and T u rn e r ( J . ,1 9 5 0 ,  7 1 1 ) .
m eth y l
A s o lu t io n  o f / .2 ;2 '-d ip h e n fe te  (3 8 .0 g . ,lmol% ) i n  d ry
e th e r  ( 350m l'.) was s lo w ly  ru n  i n to  a su sp e n s io n  o f  l i th iu m
alum inium  h y d r id e  (8.,5g* > l»6m olt) i n  d ry  e th e r  ( 300ml'* )
c o n ta in e d  in  a i f l a s k  eq u ipped  * ± th  a r e f l u x  c o n d e n se r , a
d ro p p in g  fu n n e l and a  m ech a n ic a l s t i r r e r .
When th e  r e a c t io n  was o v e r , th e  h y d r o ly s i s  was c a r r i e d
o u t w ith  sszw ater fo llo w e d  by d i l u t e  s u lp h u r ic  a c id '.  Tim
c l e a r  l a y e r s  w ere fo rm ed . The e th e r  was removed by d i s t i l l a t i o n
w h ite
and th e  d i o l  s e t  to  aittfcfcha s o l i d  on th e  w a te r  l a y e r .  I t  
was f i l t e r e d  sffid d r i e d ,  m*pf.l07° - l 09^ ,  2 3 '.4g '., 78^  y ie ld *
I t  c r y s t a l l i s e d  from  benzene in  b e a u t i f u l  w h ite  n e e d le s
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w ith  m.p'.
In  one o f  th e  above e x p e r im e n ts , some 2 ;7 -d ih y d ro —
3 5 * 6 -d ib e n z o x e p in , m *p,,71°-72^, was fo rm ed . T h is  was 
cau sed  by th e  d e h y d ra tio n  o f  b ish y d ro x y m e th y ld ip h e n y l on 
hw atin g  w ith  s u lp h u r ic  a c id .  The fo rm a tio n  o f  o x ep in  was 
l a t e r  p re v e n te d  by s e p a ra t in g  th e  aqueous and e th e r e a l  
l a y e r s  said th e n  i s o l a t i n g  th e  d io l  from  th e  e th e r e a l  s o lu t io n .
A ttem pted  p r e p a r a t io n  o f  d ip h e n v l - 2 :2 ' -d ia ld e h v d e .
(6om pare F ie ld  and G rundy, ^ ,1 9 5 5 »  1 1 1 0 .) .
P r e p a ra t io n  o f  d in i t r o g e n  t e t r a x i d e t  (Dodd and R obinson , 
E x p e rim en ta l In o rg a n ic  C h em is try , p . 23%)'. Lead n i t r a t e  (lM 3g. ) ,  
a f t e r  b e in g  h e a te d  in  an  a i r  oven f o r  3 h r s .  a t  70° , was p u t. 
in to ,  a  round  bottom ed f l a s k  p la c e d  in  a  cone and h e a te d  v e ry  
s t r o n g ly .  Through th e  f l a s k  a  c u r r e n t  o f  d ry  oxygen was 
p a s s e d . N itro g e n  t e t r o x i d e  was l e d  f i r s t  i n to  a  tu b e  packed  
w ith  r e d  ph o sp h o ru s and th e n  in to  an o th e r  packed  w ith  
p h o sp h o ru s p e n ta c h lo r id e .  I t  was c o l l e c t e d  in  two U -tu b e s  
p la c e d  i n  a  a l c o h o l - s o l id  ca rb o n  d io x id e  m ix tu re  a t  6éx  6 a . - 8 0 ° .  
To th e  end o f  th e  second  U -tu b e  a  sm a ll wash b o t t l e  c o n ta in ­
in g  a  few  m l. o f  w a te r  was a t ta c h e d  i n  o rd e r  to  e n s u re  f r e e  
o u t l e t  p a s sa g e  f o r  e x c e ss  o f  d in i t r o g e n  t e t r o x i d e  and oxygen'i. 
T h is  p r e p a r a t io n  p r e s e n te d  c o n s id e r a b le  p r a c t i c a l  d i f f i c u l t i e s .
The f l a s k  had  to  be h e a te d  w ith  a  v e ry  s t ro n g  flam e  
and i t  c ra c k e d  b e fo re  th e  co m p le tio n  o f  th e  r e a c t io n ',  t h e
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r a t e  o f  H ôw  o f  n i t r o g e n  t e t r o x i d e  c o u ld  n o t  be m a in ta in e d  
a t  a  s te a d y  r a t e  w hich r e s u l t e d  i n  sudden d is c o n n e c t io n  o f  
th e  d i f f e r e n t  j o i n t s .  The gas; a s  i t  s o l i d i f i e d  b lo c k e d  th e  
U -tu b e s’. V a r ia t io n  i n  te m p e ra tu re  i n  th e  a l c o h o l - s o l i d  GO  ^
b a th  r e s u l t e d  i n  i n e f f i c i e n t  c o o lin g  and c o n se q u e n tly  i n  th e  
l o s s  o f  n i t r o g e n  t e t r o x i d e .  I t  was d i f f i c u l t  to  sÿ o re  th e  
l i q u i d  o r  s o l id  d in i t r o g e n  t e t r o x id e  o v e rn ig h t  and i n  v iew  
o f  th e  above d i f f i c u l t i e s  i t s  p r e p a r a t io n  co u ld  n o t  be u n d e r­
ta k e n  each  tim e  an o x id a t io n  was to  be c a r r i e d  o u t .  The 
p r e p a r a t io n  o f  n i t r o g e n  t e t r o x i d e ,  how ever,w as c a r r i e d  o u t 
th r e e  t im e s .
O x id a tio n  o f  2 : 2 '# b i  sh y d ro x y m e th y ld ip h en y li F in e ly  ground
d io l  (lO .O g . ,lm o l'i ) was suspended  in  ch lo ro fo rm  (2 5 m l.)
w hich  had  been d r ie d  o v e r anhydrous sodium s u lp h a te ,  i n  a
g la s s  s to p p e re d  b o t t l e  and co o led  to  0 ° .  A s o lu t io n  o f
d in i t r o g e n  t e t r o x i d e  (6 .1g«  ,1 .3 m o l. ) i n  d ry  cho refo rm  (30ml'. )
o
was c o o le d  to  0 and added to  th e  above s o lu t io n .  The 
s to p p e r  o f  th e  b o t t l e  was se c u re d  in  p o s i t io n  t i g h t l y .  The 
te m p e ra tu re  o f  th e  r e a c t io n  m ix tu re  was m a in ta in e d  a t  0° f o r  
l5 m in . by e x te r n a l  c o o l in g l  Then i t  was a llo w ed  to  s ta n d  
o v e rn ig h t  a t  room te m p e ra tu re .
C hloroform  and th e  o x id e s  o f  n i t r o g e n  w ere removed by 
vacuum d i s t i l l a t i o n .  To th e  o ran g e  r e s id u e  few  m l. o f  e th e r  
w ere added . A p a le  y e llo w  s o l i d  s e p a ra te d  w hich  was f i l t e r e d  
and washed w ith  e th e r  on th e  fu n n e l*  I t  w eighed ^f.O g.m .p.
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Some o f  th e  o range  l i q u i d  was d i s t i l l e d  i n  vacuum a t
l83°-192°/7-10m m . b u t th e  d i s t i l l a t e  d id  n o t  s o l id i f jE à »
On s ta n d in g  f o r  a  few d ay s , more p f ' th e  y e llo w  s o l id
was o b ta in e d  (2'.0g«m,p",13P°“ 133°)« I t  was s o lu b le  i n  c o ld
when
ammonium h y d ro x id e  a n d ^ r e p r e c ip i ta te d ,  a  w h ite  s o l id  v /ith  
th e  aame m.p'« was o b ta in e d . The y e llo w  s o l id  was washed 
w e ll  w ith  e th e r  and a n a ly s e d ,
( Pound: 0 ,7 9 .6 ;  H,^-'^.9. C a lc , f o r  , 0 ,8 0 .0 ;  E ,4 ..8^)'
D ip h e n y l-2 :2 ' -d ia ld e h y d e  h as  m .p .62° (K enner a id  
T u r n e r , J . ,1911 , 82 , 2101 ), However th e  la c to n e  o f  2* -hydroxy- 
m e th y ld ip h e n y l-2 - c a rb o x y lic  a c id  (o b ta in e d  by K enner and 
T u rn e r, l o c i c i t .  by a CanniAmo r e a c t io n  on th e  d i  a ld eh y d e) 
h a s  ml.p. 132° and i s  e v id e n t ly  th e  m ain p ro d u c t i n  th e  above 
o x id a t io n ,  t o t a l  y ie ld  o f  th e  la c to n e  b e in g  6 l^ .
To e s t a b l i s h  th e  i d e n t i t y  o f  th e  la c to n e  f u r t h e r ,  i t s  
a lc o h o l ic  s o lu t io n  was h e a te d  w ith  aqueous p o tassiu m  h y d ro x id e  
f o r  2 h rs .  I t  was co o led  and poured  in to  w a te r  and f i l t e r e d .
The f i l t r a t e  was a c id i f i e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id .  The 
a c id  was f i l t e r e d  o ff. and p u r i f i e d  by d is s o lv in g  i t  i n  ammonium 
h y d ro x id e  and r e p r e c i p i t a t i n g  w ith  d i l u t e  h y d r o c h lo r ic .a c id ;  
m .p . l ^ ° - l V 5 ° .  I t  was c r y s t a l l i s e d  from  e th e r  and l i g h t t ;  
p e tro leu m  ( b .p .  ^ 0 ° -6 0 ° ) f o r  a n a ly s i s ;  m .p .l4 6 ° - l4 .7 ° .
( Pound: 0 ,7 2 ^ 9 ; H ,^ .4 . C a lc , f o r  C^i^H^gOy 0 ,7 3 .7 ;  H ,5 .3 # )
A nother a tte m p t was made a t  raduB ing  th e  o x id a t io n  o f
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b lsh y d ro x y m e th y ld ip h e n y l ( 5 * 3 g « ) w ith  n i t r o g e n  t e t r o x i d e  
( 3 « lg . ,1 .3 m o l* )« The p ro c e s s  f o r  th e  i n i t i a l  r e a c t io n  was 
th e  same a s  d e s c r ib e d  p r e v io u s ly .
A f te r  rem oving ch lo ro fo rm  and th e  o x id e s  o f  n i t r o g e n ,  
th e  r e s id u a l ' o i l  was ta k e n  up in  e t h e r ,  washed w ith  5^ sodium 
hydrogen  c a rb o n a te  s o lu t io n ,  and th e n  tw ic e  vri-th w a teP , The 
e th e r  was removed by d i s t i l l a t i o n  and th e  v is c o u s  o i l  l e f t ,  
was k e p t  o v e rn ig h t  a t  ab o u t A t r a c e  o f  w h ite  s o l id
ap p e a red  lA iich co u ld  n o t  b e  s e p a ra te d .  Some o f  th e  o i l  was 
d i s t i l l e d  i n  vacuum a t  195°/6mm. and th e n  th e  te m p e ra tu re  r o s e  
su d d en ly  to  215° w ith  th e  r e s id u e  i n  th e  d i s t i l l a t i o n  f l a s k  
tu r n in g  brow n. H ea tin g  was s to p p e d . The r e s id u a l  brown o i l  
s o l i d i f i e d  a t  room te m p e ra tu r e .  I t  was d is s o lv e d  i n  e t h e r ,  
f i l t e r e d  and p r e c i p i t a t e d  w ith  l i g h t  p e tro le u m  ( b .p .4 0 ° - 6 0 ° ) .
A d i r t y  y e llo w  p r e c i p i t a t e  was c o l le c te d ,m .p '^ c a ,1 3 0 ° .  I t ,  
was A 'la c to n e  o f  h y d ro x y m eth y ld ip h en y l c a rb o x y lic  a c id .
Some brown s o l i d  from  th e  d i s t i l l a t i o n  f l a s k  m e lted  a t  53°-5 8 °  
( c l e a r  a t  70° )  b u t was t o o > l i t t l e  f o r  f u r t h e r  i d e n t i f i c a t i o n .
The y e llo w  o i l y  d i s t i l l a t e  (b .p .l9 5 ° /6 m m .)  d id  n o t  
s o l i d i f y .  A few  m l., o f  e th e r  w ere added to  i t ;  some la c to n e  
s e p a ra te d  a f t e r  a  s h o r t  w h ile '.
The r e s t  o f  th e  r e a c t io n  p ro d u c t was wmrmed w ith  l5m l# 
e th e r  on a w a te r  b a th .  A f te r  some tim e  th e  la c to n e  s e p a r a te d .  
The t o t a l  w e ig h t o f  l a c to n e  c o l l e c t e d  was l '.O g . W ith t t h e
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o ran g e  o i l y  m o ther l i q u o r ,  a t te m p ts  w ere made to  form  th e
c r y s t a l l i n e  d e r iv a t iv e s  c h a r a c t e r i s t i c  o f  th e  a ld eh y d e  group*
A lthough  p r e c i p i t a t e s  w ere o b ta in e d  w ith  2 :4 - d in i t r o p h e n y l -  
h y d ra z o n e s , hydroxy lam ine  and o -p h e n y le n e d ia m in e , th e s e  
m e lte d  o v e r a  lo n g  ra n g e  o f  te m p e ra tu re  and co u ld  n o t  be 
p u r i f i e d  s a t i s f a c t o r i l y .
The a n a ly s i s  r e s u l t  o f  th e  o i l y  p ro d u c t s u g g e s ts  t h a t  
i t  was p ro b a b ly  a m ix tu re  o f  th e  d ip h e n y l- 2 :2*-d ia ld e h y d e : 
^^1^®10®2^’ th e  la c to n e  and th e  2 -h y d ro x y m eth y l-
d ip h e n y l-2 ’ - c a r b o x y l ic  a c id  ,
( Found: 0 ,7 7 .^ :  H ,5 .1 .  C a lc , f o r  C ,8 0 .0 ; H ,lf.8 ^
c ,  H 0 , 0 ,7 3 .7 ;  H ,5 .3 ^ ) .
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S in ce  th e  d ia ld e h y d e  co u ld  n o t  be o b ta in e d  f r e e  o f  th e  
l a c to n e ,  f u r t h e r  p r e p a r a t io n s  by t h i s  m ethod w ere n o t  c a r r i e d  
o u t .
P r e p a ra t io n  o f  m eth v l o - io d o b e n z o a te .
o -Io d o b en zo iE  a c id  (B SEbish Drug H ouses) m '.p . l5 8 ° - l6 0 ° ,  
93*0gj was d is s o lv e d  in  m ethann l (1 2 4 0 m l.) and c o n c e n tr a te d  
s u lp h u r ic  a c id  (d .l.8 4 ;9 3 5 » O g .) was added to  i t .  I t  was 
h e a te d  u n d e r r e f l u x  f o r  s i x  h o u rs '. Most o f  th e  a lc o h o l  
was th e n  removed by d i s t i l l a t i o n  and th e  r e s i d u a l  s o lu t io n  
was poured  in to  5 t im e s  i t s  volum e o f  w a te r .  An o i l  s e p a ra te d
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The m ix tu re  was n e u t r a l i s e d  w ith  sodium c a rb o n a te  and th e  
p ro c e s s  com pleted  w ith  sodium hydrogen  c a rb o n a te  s o lu t io n .
The m ix tu re  was e x t r a c te d  w ith  e th e r  th r e e  t im e s  and th e  
com bined e th e r  e x t r a c t s  w ere washed w ith  w a te r  and d r ie d  o v e r  
anhydrous magnesium s u lp h a te .
E th e r  was removed by d i s t i l l a t i o n  and th e  re s id u sù . 
e s t e r  p u r i f i e d  t h r e e  t im e s  by a  vacuum d i s t i l l a t i o n ' .  The 
f r a c t i o n  d i s t i l l i n g  a t  l l# ^ -1 2 2 ° /7 m m '. was c o l l e c t e d .  The 
a v e rag e  y i e l d  o f  s e v e r a l  p r e p a r a t io n s  on t h i s  s c a le  was
75fo*
P re p a r a t io n  o f  o - io d o b e n z v l a lc o h o l .
F ie ld  and Grundy 4 2 . ,1955» 1110) o b ta in e d  t h i s  compound 
i n  94^ y i e l d  b u t u n d e r t h e i r  c o n d i t io n s  o f  ex p e rim e n t th e  
a lc o h o l  was o b ta in e d  in  12fo y i e l d  o n ly . When th e  r e a c t io n  
was c a r r i e d  o u t a t  c a .  - 30° ,  th e  av e rag e  y i e l d  was 4?^',
A s o lu t io n  o f  m eth y l o - io d o b e n z o a te  ( 5 2 .4 g . , l m o l , ) 
was p re p a re d  in  d ry  e th e r  (100m l.) i n  a  2 l i t r e  3  t h r e e  
n ecked  f l a s k  f i t t e d  w ith  a  r e f l u x  c o n d e n se r c a r ry in g  a  
ca lc iu m  c h lo r id e  tu b e ,  a  d ro p p in g  fu n n e l  and a m ech a n ic a l 
s t i r r e r .  L ith iu m  alum inium  h y d r id e ,  f i n e l y  g ro u n d , suspended  
in  e th e r  (d ry j|400m l. ) was added to  th e  above s o lu t io n  a t  
-4 0 ° to  - 3 0 ° .  The m ix tu re  was s t i r r e d  f â r  l ^ h s s .  H y d ro ly s is  
was c a r r i e d  o u t by ad d in g  f i r s t  w a te r  and th e n  IN s u lp h u r ic  
ac id *  The e th e r e a l  l a y e r  was s e p a ra te d  , and th e  w a te r  l a y e r
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was e x t r a c te d  w ith  e th e r  (1*5 l i t r e s ) .  E th e r  e x t r a c t s  w ere
and
combinedjLwashed s u c c e s s iv e ly  once w ith  w a te r ,  tw icw  w ith
t sodium  hydrogen  c a rb o n a te  s o lu t io n ,  t h r e e  tim e s  w ith  
w a te r  and th e n  d r ie d  o v e r  anhydrous sodium  s u lp h a te .  The 
e th e r  was removed by d i s t i l l a t i o n .  Most o f  th e  y e llo w  o i l y  
p ro d u c t s o l i d i f i e d  on c o o lin g  to  ab o u t 4 ° .
I t  was f i l t e r e d  th ro u g h  a s in te r e d  g la s s  fu n n e l .
Some more io d o b e n z y l a lc o h o l  was re c o v e re d  from  th e  m other 
l i q u o r  a f t e r  a  few  d a y s . The a lc o h o l  m e lte d  a t  8 7 .5 ° -8 9 °*  
w e ig h t 2 6 .0 g . ,5 5 ^  y i e l d .  I t  was r e c r y s t a l l i s e d  from  d i l u t e  
m e th a n o l, m .p . 9 1 ° , 23 . 5g » ,4 5 ^  y i e l d .
P r e p a ra t io n  o f  o - io d o b e n z a ld e h v d e .
F ie ld  and Grundy ( l o c . c i t . ) .
The above a lc o h o l  (2 3 '.4 g . , lm o l .  ) was suspended  i n  d ry  
ch lo ro fo rm  (6 0 m l.)  and c o o le d  to  0 ° . D in i tro g e n  t e t r o x i è è  
(1 3 * 8 g .,1 .5 m o l .) was d is s o lv e d  in  d ry  c h lo ro fo rm  ( 30m l.)  and 
added to  th e  a lc o h o l  i n  c h lo ro fo rm . The s to p p e r  o f  th e  
b o t t l e  was t i g h t l y  se c u re d  i n  p o s i t io n ‘d The te m p e ra tu re  o f  
th e  r e a c t io n  m ix tu re  was c é n t r o l l e d  a t  0° f o r  l5 m in . A c l e a r  
s o lu t io n  r e s u l t e d  i n  a few  se c o n d s . I t  was a llo w ed  to  s ta n d  
o v e rn ig h t  a t  room te m p e ra tu re .
The ch lo ro fo rm  was removed by d i s t i l l a t i o n  u n d e r re d u eed  
p r e s s u r e  a lo n g  w ith  th e  o x id e s  o f  n i t r o g e n .  The r e s id u e  was 
ta k e n  up in  e t h e r ,  washed s u c c e s s iv e ly  w ith  w a te r ,  Vfo sodium
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hydrogen  c a rb o n a te  and th e n  water® I t  was d r ie d  o v e r  anhydrous 
sodium s u lp h a te  f o r  I h r .  and th e n  f i l te r e d ®
The e th e r  was removed by d i s t i l l a t i o n  and th e  y e llo w  
o i l y  pcreduct was k e p t  a t  f o r  2^hrs® I t  s o l i d i f i e d  c o m p le te ly , 
m '.p .34 . 5° - 36°5 22 . 5 g . ,  97% y ie ld '.
T h is  ex p e rim en t was re p e a te d  theee : t im e s ,  th e  y i e ld s  
v a ry in g  c o n s id e ra b ly .
P r e p a r a t io n  o f  d ip h e n v l - 2 :2 '- d ia ld e h v d e .
The m ethod o f  Rapson and S h u ttle w o r th  ( J . ,1 9 4 1 , 487) 
was a d o p te d .
N itro g e n  was p a s se d  to  d i s p la c e  a i r  i n  a  b o i l in g  tu b e  
p la c e d  in  a m e ta l b a th  a t  200° .  2 “ I°<io8 en za ld eh y d e  ( 23 . 2g . ) 
was p la c e d  in  t h i s  tu b e  and an e q u a l w e ig h t o f  co p p e r b ro n ze  
was added g ra d u a l ly  w h i l s t  a  s te a d y  s tream  o f  n i t r o g e n  was 
b e in g  p a s s e d . The te m p e ra tu re  i n  th e  r e a c t io n  m ix tu re  ro s e  
from  185° to  265°« A f te r  th e  te m p e ra tu re  had  s to p p ed  in c r e a s in g  
and was s te a d y  a t  20 0 °, th e  r e a c t io n  m ix tu re  was s t i r r e d  f o r  
5min'. and th e n  h e a t in g  was s to p p e d .
The r e a c t io n  p ro d u c t was e x t r a c te d  s e v e r a l  t im e s  w ith  
h o t  c h lo ro b e n z e n e . The s o lu t io n  was f i l t e r e d  th ro u g h  a 
number o f  f i l t e r  p a p e rs  from  a  B uchner fu n n e l  and th e n  th ro u g h  
an o rd in a r y  fu n n e l  to  remove th e  l a s t  t r a c e s  o f  co p p er and 
i t s  s a l t .
The s o lv e n t  was removed by d i s t i l l a t i o n  u n d e r  red u ced
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p resm ire#  The brown r e s id u e  was d i s t i l l e d  a t  171 -1 8 2  /3i™#
The o ran g e  c o lo u re d  o i l y  d i s t i l l a t e ,  ôi^Og®,. s o l i d i f i e d
p a r t l y  on c o o lin g  o v e rn ig h t  a t  ab o u t Some c r y s t a l s ,
o o
ffi..p.58 - 6 l  , w ere s e p a ra te d  b u t th e  w hole was d i f f i c u l t  
to  f i l t e r .
I t  was a l l  d is s o lv e d  in  excess; o f  b o i l in g  e t h e r ,  c o o le d  
and f i l t e r e d .  The f i l t r a t e  was c o n c e n tra te d  and l i g h t
O Q
p e tro le u m  (b .p '.4 0  -6 0  ) was added to  i t .  I t  was a llo w ed  
to  s ta n d  o v e r n ig h t .
D ip h e n y l-2 :2 '- d ia ld e h y d e ,  m .p .6 0 ° -6 2 ° , 1 .7 g * , was; 
o b ta in e d .  A second cro p  was o b ta in e d  by add ing  more l i g h t  
p e tro le u m  to  th e  m o ther l i q u o r  and le a v in g  o v e rn ig h t  a t  
c a .  4 ° :  m'.p'.52 - 6 1 ° ,  1 .8 g .  The t o t a l  y i e l d  ( 3 .5 g . )  was 33:^»
R e a c tio n  betw een d iu h e n v l - 2 :2 ' -d ia ld e h v d e  and h v d ra z in e  h v d ra te , 
A- s o lu t io n  o f  th e  d ia ld e h y d e  ( 0 .5 2 g . , l m o l . ) was 
p re p a re d  i n  e th a n o l  (1 2 m l.) w ith  h e a t in g .  To t h i s  was added 
a s o lu t io n  o f  h y d ra z in e  h y d ra te  ( 0 . l 62g . , l . l m o l . ) i n  e th a n o l  
(6 m l .) .  A Tidiite s o l i d  ap p ea red  a lm o st im m e d ia te ly . The 
r e a c t io n  m ix tu re  was h e a te d  u n d e r r e f l u x  on a. w a te r  b a th  
f o r  I h r .
The r e a c t io n  p ro d u c t was c o o le d  to  room te m p e ra tu re
and f i l t e r e d .  A p a le  y e llo w  s o l i d  was o b ta in e d ,0 .2 3 g '.  I t
o o
m e lte d  a t  235 -2 4 5  w ith  s l i g h t  p re v io u s  s o f te n in g .
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I t  was in s o lu b le  i n  th e  common o rg a n ic  s o lv e n ts  a t  t h e i r  
b o i l in g  p o i n t s .  The t e s t  f o r  n i t r o g e n  was n e g a t iv e !
The f i l t r a t e  was c o n c e n tra te d  and d i l u t e d  w ith  w a te r .  
An em u lsion  was form ed wM ch was e x t r a c te d  w ith  e t h e r ,  th e  
e th e r e a l  s o lu t io n  was drired o v e r anhydrous sodium s u lp h a te ,  
f i l t e r e d  and c o n c e n tr a te d .  A s t i c k y  s o l i d  was o b ta in e d ,  
m «p.ca>85°'i I t  was to o  l i t t l e  f o r  f u r t h e r  s a t i s f a c t o r y  
p u r i f i c a t i o n '.
The m ain r e a c t io n  p ro d u c t ( 0 .2 3 g . ) was a po lym er o f  
th e  d ia ld e h y d e  a s  was con firm ed  by a n a ly s i s .
( Pound: 0 ,8 0 .3 ;  H ,5 .7 . (\ij.H3^o°2^n 0 ,8 0 .0 ;
H ,4 .8 ^  ) .
R e a c tio n  w ith  û rp h e n y le n e  d iam ine  a ls o  gave a  g re e n is h  
brown; u n i d e n t i f i e d  p ro d u c t.
SECTION I I .
PART B.
STUDY OF 2 :2  *-DIACYLDIPHENYLS,
INTRODUCTION.
The r e a c t io n  o f  d i a lk y l  cadmium w ith  a ro m a tic  a c id  
c h lo r id e s  to  form  k e to n e s  was f i r s t  u sed  by Gilm an and N e lso n , 
fRAc.trav.chim..1 9 ^ 6 . 55. 5 l8 )  who o b ta in e d  ace to p h en o n e  
from  b en zo y l c h lo r id e  and d im e th y l cadmium in  8k% y i e l d .
De B e n n e v il le  (J.O re.C hem '. .1 9 4 1 . 6 , 4 6 2 ) , Cason ( Chean. 
R e v .. 1947 , 4 0 , 1 5 ) ,  John so n  and O ffe n h a u e r( J . Æmer. Chem'. 80Oè .■ 
19^ 5 , éZf  1045) and s e v e r a l  o th e r  w orkers; have p re p a re d  
d i f f e r e n t  ty p e s  o f  arom ajfic k e to n e s  by t h i s  p ro c e s s .  Cason 
h a s  i n v e s t i g a t e d  th e  e f f e c t  o f  v a r io u s  f a c t o r s  such  a s  th e  
s o lv e n t ,  te m p e ra tu re  o f  r e a c t io n  e t c .  on th e  c o u rse  o f  t h i s  
r e a c t i o n .  C ole and J u l i a n  ( J . Amer.ChemVSoc., 1945 , 4 7 . 1369) 
u sed  b o th  d im e th y l z in c  and d im e th y l cadmium in  t h e i r  
e x p e rim e n ts  and o b ta in e d  h ig h e r  y i e l d s  o f  k e to n e s  from  th e  
l a t t e r .
S u te r  and W eston (J.Am er.Chbm .SoC. ,1 9 % , 6I .  234) 
o b ta in e d  p ro p io p h en o n e  from  b en zo y l c h lo r id e ,a n d  d ip h e n o y l 
c h lo r id e  (N ig h tin g a le ^  Wagner and W1 me. J .A m er.Gbem. goc.^  1953 , 
2 5 , 4701 ) gave 2 :2 * -d ib e n z o y l d ip h e n y l i n  83^  y i e l d  on 
r e a c t i o n  w ith  d ip h e n y l cadmium.
The a v a i l a b i l i t y  o f  2 : 2 ' -d ib e n z o y l  d ip h e n y l i n  such  
a  h ig h  y i e l d  and aclso t h a t  o f  ace to p h en o n e  su g g e s te d  t h a t  
s u b s t i t u t e d  d ip h e n y ls  w ith  o r th o  k e to n ic  g ro u p s c a r ry in g  
a c y l  g ro u p s w ould , a s  p o in te d  o u t e a r l i e r  ( p . 8 4 ) ,  form  
v e ry  c o n v e n ie n t s t a r t i n g  m a t / e r i a l s  f o r  2 : 2 ' - d i a c y l  d ip h e n y ls
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and a  l a r g e  number o f  o th e r  compounds. W ith t h i s  aim in  
v iew , th e  above and o th e r  m ethods f o r  s y n th e s is in g  th e  
d ik e to n e s  w ere c o n s id e re d ^
A nother r o u te  t o  ap p roach  th e s e  s t e r i c a l l y  h in d e re d  
d ik e to n e s  was from  p h e n a n th ra q u in o n é . T h is  was f i r s t  in tro d u c e d  
by Z in ck e  and T ro u p ,(A n n a le n ,1908, 362. 242; 363 . 302) who 
o u t l in e d  th e  g e n e ra l  m ethod a s  fo l lo w s :
CxHk— CO CÆj. — C(OH)R C .H, -  CO R
r  - I . BMeX , 1 ^  I _  CrO,  ,  16 ^
0 Æ -0 (0 H )R  % - C O  R
h
L adbury , H a l l ,  L e s s l i e  and T u rn e r (u n p u b liq ^ d ) have  g r e a t ly  
im proved upon t h i s  m ethod. They have ex ten d ed  i t s  u se  f o r  
th e  p r e p a r a t io n  o f  d i a lk y l  d ip h e n y ls .  These r e a c t io n s  th u s  
form  a c o m p a ra tiv e ly  e a sy  way o f  p re p a r in g  2 : 2 '- d i a l k y l  
d ip h e n y ls  o f  w hich  o n ly  two w ere known u n t i l  r e c e n t ly  v i z . 
2 : 2 ' - d i t o l y l  ( F i t t i g ,  A nnalen . 1867 . 138 . 178; ü llm annÿ  
A nnalen . 1904. 332. 42) and 2 : 2 ' - d ie th y ld ip h e n y l  (M a s c a re l l i  
and Longo, G a z z e t ta . l 9 4 l ,  71 , 2 8 9 ). B v e rk t t ,  H a ll  said T u rn e r , 
( i n  th e  p r e s s )  have  p re p a re d  2 : 2 ' - d i e th y ld ip h e n y l ,
2 : 2 ' - d i iflop ro p y ld ip h e n v l and 2 : 2 ' - d i t e r t i a r y b u t y l d i p h e n y l  
by o th e r  r o u t e s .
The m ethod o f  H a i l ,  L adbury , L e s s l i e  and T u rn e r
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(u n p u b lish e d )  h a s ,  i n  th e  fo llo w in g  s e c t io n ,  been u t i l i s e d  
to  p re p a re  2 s 2 '- d ip r o p io n y ld ip h e n y l  w ith  th e  v iew  to  s tu d y  
th e  e f f e c t  o f  v a r io u s  re d u c in g  a g e n ts  on t h i s  d ik e to n e  and 
th e n  to  s tu d y  th e  u l t r a - v i o l e t  a b s o rp t io n  s p e c t r a  o f  th e  
p ro d u c ts  o b ta in e d  from  them . S im ila r  d ik e to n e s  had  been, 
known to  g iv e  anom alous r e s u l t s  on r e d u c t io n  (B ra s to n , 
P a t t e r s o n ,  F i d l e r ,  J . Am er.C hem .Soc.. 1954 , 7 6 , 6 3 6 8 ). H a l l ,  
L adbury , E e s s l i e ,  and T u rn e r (u n p u b lish e d )  have re d u c e d
2 : 2 '- d ia c e ty ld ip h e n y l  i n  f o u r  d i f f e r e n t  ways nam ely  ( i )  
w ith  l i th iu m  alum inium  h y d r id e ,  ( i i )  Q le i^ n se n  m ethod,
( i i iO  M eerw ein, P ondndff and V e rley  r e a c t io n  and ( iv )  Huang 
M inion m ethod.
The f i r s t  r e d u c t io n  p ro ceed ed  n o rm a lly  and th e y  
o b ta in e d  a  m ix tu re  o f  two iso m e r ic  2 * 2 '- b i s -  << -h y d ro x y e th y l-  
d ip h e n y ls .  The Clem ensen r e d u c t io n  gave 9 : 1 0 -d ijp th y l-  
p h e n a n th re n e . The r e s u l t s  o f  th e  t h i r d  r e d u c t io n  have been 
in c o n c lu s im e . The Huang M inion m ethod gave u n s a tu r a te d  
7 -nem bered c y c l ic  h y d ro c a rb o n .
DISCUSSION.
The p r e p a r a t io n  o f  2 s2*-d ip h e n o y l d ic h lo r id e  p re s e n te d  
c o n s id e ra b le  d i f f i c u l t i e s ;  when c a r r i e d  o u t a c c o rd in g  to  th e  
m ethod o f  Underwood and Kocfamann. ( J.Kmer'.Chem. Soc. . 1924 , 4 6 . 
2072) and th e  y i e l d  was o n ly  20%, b u t l a t e r  i t  was im proved 
to  97% by th e  in t r o d u c t io n  o f  some m o d if ic a t io n s  a s  d e s c r ib e d  
in  th e  e x p e r im e n ta l s e c t io n  t h a t  f o l lo w s .
A lthough  ace to p h en o n e  h as  been o b ta in e d  i n  8^% y i e l d  
by Gilmann and N elson  IfR e c .t r a v .c h im . .1 9 3 6 . 55. 5 1 8 ), th e  
an a lo g o u s  p r e p a r a t io n  o f  2 :2 * - d ia c e ty ld ip h e n y l  was u n su c c e s s ­
f u l .  D iphen ic  a c id  and i t s  a n h y d rid e  w ere th e  o n ly  p u re  
compounds i s o l a t e d  from  th e  o i l y  r e a c t io n  p ro d u c ts .  The 
fo rm er was p ro b a b ly  form ed by h y d r o ly s i s ,  d u rin g  th e  l a s t  
s ta g e ,  o f  th e  r e a c t io n  p ro d u c t .  Many w o rk e rs  have r e p o r te d  
u n i d e n t i f i a b l e  o i l y  p ro d u c ts ; from  th e  r e a c t io n  o f  d i a l k y l  
cadmium compounds w ith  a c id  c h lo r id e s ,  ( e .g .  N ig h t in g a le  e t . a l . . 
J.«Am er.Chem.Soc. 1953 , 7 5 . 4701)'. The c o n d i t io n s  o f  
ex p e rim en t p la y  a  v e ry  im p o r ta n t r o l e  i n  d e te rm in in g  th e  
n a tu r e  o f  th e  r e a c t io n  p ro d u c t ,  d i f f e r  w id e ly  f o r  d i f f e r e n t  
p r e p a r a t io n s  and c o n se q u e n tly  a r e  n o t  e a s i l y  d e te rm in e d  '.
S e v e ra l m o d if ic a t io n s  i n  th e  p ro c e d u re  made no im provem ent 
i n  th e  r e s u l t s .
In  th e  ex p e rim e n t w ith  d ip h e n y l cadmium and d ip h e n o y l 
d i c h lo r id e ,  th e  p e rc e n ta g e  y i e l d  o f  2 :2 * -d ib e n z o y l  d ip h a iy l  
(IV ) was o n ly  16^ w hereas n N ig h ta n g a le  e t . a l â ( l o c . c i t . )
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o b ta in e d  i t  i n  83^ y ie ld ,
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MâC CMe
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( I I I )
(V)
In  v iew  o f  th e  above r e s u l t s - ,  i t  a p p e a rs  t h a t  th e  
p o s s i b i l i t i e s  o f  s id e  r e a c t io n s  a r e  n o t  so l im i t e d  a s  m en tio n ed  
by Cason ( Chem .Rev., 19^7» ^O, 1 5 )’.
The C le i^ n se n  r e d u c t io n  o f  2 : 2 ' -d ib e n z o y ld ip h e n y l  
gave 9 s lO -d ip h e n y lp h e n a n th re n e  a s  would be e x p e c te d  from  a  
d ik e to n e  o f  t h i s  ty p e .  (Compare H a l l ,  L adbury , L e s s l i e  and
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T u m e r 's  e x p e rim e n ts  w ith  d ic e ty ld ip h e n y l  m en tioned  i n  th e  
in t r o d u c t io n ,  p '.1 0 4 ) .
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if î i f 'é * 6 * - Ie tr a c h lo ro d ip h e n o y l  c h lo r id e  (7 1 ) ,  n o t  
p r e v io u s ly  d e s c r ib e d  in  th e  l i t e r a t u r e ,  was o b ta in e d  in  v e ry  
good y i e l d  from  te t r a c h lo r o d ip ^ e n $ c  a c id  and th r e e  new 
compounds ( V I I I ,  IX and X) w ere p re p a re d  from  th e  form er*
The e s t e r  (X) was p re p a re d  by two m ethods* The p ro d u c t
■*X08«»
from  th e  f i r s t  m ethod a f t e r  c r y s t a l l i s a t i o n  from  l i g h t
p e tro le n m  (b#p# ) m elted  a t: 119^-122^ and th e  one
from  #he second m ethod a t  a f t e r  c r y s t a l l i s a t i o n
from  th e  same so lv e n t*  B oth a n a ly se d  c o r r e c t ly  f o r  th e  e s t e r ,
o o
m ixed m.p* o f  th e  two was 119 -1 2 2  . The m'.p. o f  th e  e s t e r  
from  th e  f i r s t  m ethod (1 1 9 °-1 2 2 °) d id  n o t  im prove on re p e a te d  
c r y s t a l l i s a t i o n ' .  The anofiiaiy i n  M:p'. can n o t be acco u n ted  
f o r .
The p ro d u c t from  th e  r e a c t io n  o f  te t r a c h lo r o d ip h e n o y l  
c h lo r id e  (V I) send d ip h e n y l cadmiim f o r  th e  a tte m p te d  p r e p a r a t io n  
o f  (V II) wass u n id e n t i f i e d :
In  v iew  o f  th e  u n s a t i s f a c to r y  r e s u l t s  o b ta in e d  from  
th e  r e a c t io n  p ro d u c ts  o f  (R )2Cd, re cc jrse  was ta k e n  to  th e  
fo llo w in g  scheme f o r  th e  p r e p a r a t io n  o f  2 î 2^-d ip ro p io n y l  
d ip h e n y l a c co rd in g  to  th e  m ethod o f  H a l l ,  L adbury , L e s s l i e  
and T u rn e r ,(u n p u b lis h e d ) .
0 0
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9 îlO -D ih y d ro x y -9 îlO -d ie th y lp h e n a n th re n e  (X I) was
o b ta in e d  in  85^ y i e ld  (Z in ck e  and T ropp, A nnalen .1 9 0 8 . ?6 2 ,
242, re c o rd  4 0 ^ ) , The d ik e to n e  (X II) h a s  n o t  been d e s c r ib e d
i n  th e  l i t e r a t u r e  ex cep t f o r  Z incke  and T ropp*a in d i c a t io n
t h a t  i t  may be o b ta in e d  from  th e  c y c l ic  d io l  (X I ) . The
d ik e to n e  was i n i t i a l l y  o b ta in e d  as  a y e llo w  o i l ,  b .p « l8 2 ° -
o o
l84°/8mm‘.  o r  208 -210  /12mm, in  96^ y i e ld .  On s ta n d in g  f o r
o os e v e r a l  days i t  s o l i d i f i e d  g r a d u a l ly ,  m ,p ,3o  -4 0  a f t e r  
w ashing w ith  e t h e r .  A ll  th e  compounds p re p a re d  from  i t  
e x c ep t d ie th y lp h e n a n th re n e  (XX) a re  new, H ydroxylam ine 
h y d ro c h ld r id e  and se m ic a rb a z id e  h y d ro c h lo r id e  r e a c te d  n o rm a lly  
w ith  i t  to  g iv e  th e  dioxim e (XVII) and th e  sem icarbazone
(X V III) i e ^ e c t i v e l y  b u t h y d ra z in e  h y d ra te  gave th e  a z in e
(XIX) in  82^ y i e l d .  H a l l ,  L adbury , L e s s l i e  and T u rn er 
(u n p u b lish e d )  have ô b ta in e d  th e  s im i l a r  a z in e  from  2 :2 * -  
d ia c e ty ld ip h e n y l  i n  53^ y i e ld  o n ly . On th e  o th e r  hand , 
th e y  o b ta in e d  9 :1 0 -d im e th y lp h e n a n th re n e  by h e a tin g  th e  a z in e  
(d im e th y l)  w ith  sodium h y d ro x id e  in  t r i e t h y l e n e  
g ly c o l  s o lu t io n  f o r  t h r e e  and a  h a l f  h o u rs  w hereas th e  
a z in e  (XIX) had  to  be h e a te d  f o r  n in e  h o u r s  w ith  p o ta ss iu m  
h y d ro x id e  to  g e t  th e  hydrocarbon  (XX) and th e  y ie ld  o f
th e  l a t t e r  was a ls o  much lo w er w h ich ' r e f l e c t s  on th e  s t a b le  
n a tu r e  o f  th e  a z in e  (X IX ),
The p r e p a r a t io n  o f  th e  d io l  (X I I I )  was i n t e r e s t i n g  
from  th e  p o in t  o f  view  o f  i t s  s e p a ra t io n  in  two iso m e ric
- i n ­
form s (A) and (B ); (A) had m .p .118^-119° and (B) m e lte d  a t  
7 2 ° -7 5 ° . The racem ic  and meso form s r e s u l t  from  th e  two 
asym m etric aarhon  a tom s. The meso compound i s  o f  p a r t i c u l a r  
i n t e r e s t  i n  t h a t  i t  can p a ss  th ro u g h  a c o n f ig u r a t io n  in  
w hich i t  h a S ;a  c e n tr e  o f  symmetry ( i )  h u t n o t  th ro u g h  one 
in  w hich i t  h as  a p la n e  o f  symmetry ( i i )  b ecau se  in  th e
...O H
•'H
( i ) .  ( i i )
l a t t e r  w h i l s t  th e  two benzene n u c le i  a re  c o p la n a r  th e  two 
s u b s t i tu e n t  groupé: can n o t be accoi^odated on th e  same s id e  
o f  th e  d ip h e n y l.
The d ib rom ide (XIV) was o*btained a s  an o i l  and co u ld  
n o t  be s o l i d i f i e d .  The a n a ly s i s  r e s u l t s  o f  th e  o i l  w ere 
n o t  s a t i s f a c t o r y  b u t th e  u n s a tu ra te d  h y d ro ca rb o n  (XV) was 
o b ta in e d  from  i t  e a s i l y  by d eh y d ro b ro m in a tin g  w ith  q u in o l in e .  
The hyd ri’ocarbon  (aV) i s  a ls o  c a p a b le  o i e x i s t in g  in  two 
iso m e ric  lo rm s bu t i t  seems th a t  o n ly  one isom er was o b ta in e a  
in  t h i s  w ork.
u n r o r tu n a te ly ,  t h e r e  was n o t  enough ü î2 ® -b is- p -m e th y l-  
e th e n y id ip h e n y l (XV) l e f t  to  re d u ce  to  o b ta in  2s2'-diaD H ;
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p ro p y ld ip h e n y l (X V I), H a l l ,  L adbury , L e s s l i e  and T u rner
(u n p u b lish e d )  havd o b ta in e d  2 : 2 ' - d ie th y ld ip h e n y l  by c a t a l y t i c
re d u c t io n  o f  2 : 2 *-d iv in y ld ip h e n y l  and th e  h y d ro g e n a tio n  o f
2 : 2 '-b is» "  p -m e th y le th e n y ld ip h e n y l (XV) would p resum ably
p ro ceéd  e q u a lly  sm ooth ly .
The e f f e c t  o f  o th e r  red u c in g  a g e n ts  m en tion ed  in  th e
in t r o d u c t io n  (p .lO lf ) , have n o t  so f a r  been s tu d ie d  on 
o
2 :2^ -d ip r o p  j |n y ld ip h e n y l.
The a b s o rp t io n  spectrum  o f  2 :2*-bis> - p -m e th y le th e n y l­
d ip h e n y l ( 2 *2 * -é tp i?o p en y ld ip h en y l) i s  d is c u s s e d  in  s e c t io n  
I I I .
EXPERIMENTAL'.
P r e p a ra t io n  o f  d ip h e n ic  a c id .
(M o d if ic a tio n  o f  th e  method o f  V d rla n d e r, A nnalen . 1902. 120,
138)'.
A n th r a n i l ic  a c id  (5 0 g . , lm o l .)  was d is s o lv e d  in  1 :1
h y d ro c h lo r ic  a c id  (300m l.) w ith  h e a t in g .  I t  was co o led  to
0°  and d ia z o t ia e d  w ith  sodium n i t r i t e  (24g . ,.lm ol«) m a in ta in in g
th e  tem p era tu re  a t  0 ° -2 ° '. T h is  s o lu t io n  w as f i l t e r e d  t o
remove any suspended s u b s ta n c e , th e  d iazonium  s a l t  b e in g
s o lu b le  i n  th e  a c id .
C upric s u lp h a te  p e n ta h y d ra te  ( l ? 6g .)  was d is s o lv e d  in
w a te r  (1  l i t r e )  i n  a  3 l i t r e  b eak e r and th e  fo llo w in g  added
s u c c e s s iv e ly  to  i t ,  w ith  s t i r r i n g :  ammonia ( 200m l. ,d ^ 0 «88 ) ,
sodium m e ta b is u lp h ite  (400g«) and ammonia (^ 00m l» ,d ,0 . 8 8 ) .
o
The s o lu t io n  tu rn e d  b lu i s h .  I t  was co o led  to  10 .
The c l e a r  d iazo  s o lu t io n  was added to  th e  above s o lu t io n  
th ro u g h  a  d ropp ing  fu n n e l w ith  i t s  stem  d ip p in g  in  th e  s o lu t io n  
in  l i h r s . ,  w ith  v ig o ro u s  s t i r r i n g .  The te m p e ra tu re  \ras 
m a in ta in e d  betw een 10° to  1^° ', ^ t  was found  d i f f i c u l t  to  
ru n  in  a s te a d y  co n tin u o u s  s tream  o f  th e  d ia z o  s o lu t io n  a s  
i t s  p a ssag e  was b locked  by th e  R e p o s it io n  o f  th e  s o l id  r e a c t io n  
p ro d u c ts  i n  th e  stem  o f  th e  fu n n e l!  N itro g e n  was ev o lv ed  
d u rin g  th e  above p rocedure*
Anhydrous f e r r i c  c h lo r id e  ( 260g . )  was d is s o lv e d  in  
w a te r  (^OOml*), f i l t e r e d  and th e n  æàâœjâ c o n c e n tra te d  hydroch lo ri<
a c id  ( d . l , l 8 ,  1300m l.) was added to  i t .  T h is  s o lu t io n  was 
n e x t  poured  in to  th e  p ro d u c t from  th e  p re v io u s  p ro c e s s .
The s o lu t io n  ttum ed brown and d ip h e n ic  a c id  was p r e c i p i t a t e d .  
I t  was f i l t e r e d  and washed 2 to  3 tim e s  w ith  w a te r  on th e  
Buchner fu n n e l .
The c ru d e  a c id  m e lted  a t  226°-227° and w eighed 27.5g»>
y ie ld  60^. On c r y s t a l l i s i n g  from  d i l u t e  e t h a n o l , i t  m e lted
o o _ .
a t  229 -230  soad th e  y ie ld  was 59^»
The above p r e p a r a t io n  was re p e a te d  s e v e ra l  t im e s .
The b lo ck in g  o f  th e  fu n n e l stem ,when th e  d ia z o  s o lu t io n  was
added from  i t  to  th e  c a t a l y s t ,  was p re v e n te d  by a t ta c h in g  a
tu b e  b e n t upw ards w ith  one end drawn in to  a  c a p i l l a r y .
The y ie ld s  i n  th e  d i f f e r e n t  ex p e rim en ts  v a r ie d  from
59^ to  75^ and in  one c a se  was a s  h ig h  a s  88^.
F o r some o f  th e  su b seq u en t p r e p a r a t io n s .  L ig h t 's ;
com m ercial d ip h e n ic  a c id  was u se d  w hich was p in k  in  c o lo u r
and was c r y s t a l l i s e d  from  a c e t i c  a c id .  The p u re  c o lo u r le s s
a c id  was o b ta in e d  in  88^ y ie ld  and m e lted  a t  2 2 $ °-2 3 0 ° .
P r e p a r a tio n  o f  Z * 2 '-d in h e n o v l d ic h lo r i d e .
(Underwood and Kockmann, J.Amei'^Chem.Soc*. .1 9 2 4 , 4 6 , 2072) .
D iphen ic  a c id  ( I5 g .  ,JLmol. ) was inixedi w ith  phosphorus 
p e n ta c h lo r id e  (2 7 .1 g . , 2mol'. ) i n  a  f l a s k  f i t t e d  w ith  an a i r  
co n d en ser and ca lc iu m  c h lo r id e  tu b e . The r e a c t io n  s t a r r e d  
a f t e r  a  few m in u te s  and th e  s o l id  m ix tu re  l i q u e f i e d .  A f te r
-1 1 5 -
th e  i n i t i a l  r e a c t io n  was o v e r , th e  f l a s k  was h e a te d  i n  an 
o i l  b a th  a t  190°-195° f o r  20min, I t s  te m p e ra tu re  was th e n  
a llo w ed  to  f a l l  down to  l40°-llt-5 ° and d ry  a i r  was p a s se d  in  
for* h a l f  h o u r . The r e a c t io n  m ix tu re  s o l i d i f i e d .  I t  was 
a llo w e é  to  co o l dowm to  room te m p e ra tu re  and was e x t r a c te d  
w ith  d ry  b o i l in g  b en zen e . The e x t r a c t  was f i l t e r e d  h o t  and 
th e n  a llo w ed  to  s ta n d  f o r  c r y s t a l l i s a t i o n .  The s o l id  o b ta in e d  
was f i l t e r e d ,  m ,p ,2l 8° - 220° .  I t  was washed w ith  a l i t t l e  
e th e r ,  and th e n  i t  had m ,p ,2 2 1 °-2 2 2 ° . Mixed m ,p , w ith  d lp h e n ic  
a c id  and t h a t  o f  th e  p u re  a c id  w ere th e  same%-
A ll th e  re c o v e re d  s o l id  was d r ie d  and h e a te d  a g a in  w ith  
one m o le c u la r  p ro p o r t io n  o f  phosphorus p e n ta c h lo r id e  i n  th e  
same way a s  above . The f i r s t  crop  from  th e  benzene e x t r a c t  
m elted  a t  215°- 2l 6°  and th e  second a t  9 2 ° -9 5 ° , I t  was 
r e c r y s t a i l i s e d  from  benzene, m ,p ,93° - 95°> 3 *5g* * y i e l d  20^ ,
The above p r e p a r a t io n  was re p e a te d  w ith  d ip h e n ic  a c id  
(7»5g«jlfflo l) a id  phosphorus p e n ta c h lo r id e  (13 , 5g«>2m o l,)  b u t 
a i r  was n o t  p assed  in to  th e  h o t r e a c t io n  m ix tu re . To decompose 
th e  c h lo r id e s  o f  p h o sp h o ru s , th e  r e a c t io n  m ix tu re  a f t e r  b e in g  
a llo w ed  to  co o l a  l i t t l e  was poured  in to  i c e - c o ld  w a te r  and 
f i l t e r e d  im m ed ia te ly . The s t i c k y  p r e c i p i t a t e  form ed was 
e x t r a c te d  w ith  e t h e r .  I t  was f i l t e r e d  and th e n  th e  e th e r  was 
removed by d i s t i l l a t i o n .  I t  was d r ie d  i n  vacuum. I t  m e lted  a t  
110°-112  w ith  c o n s id e ra b le  s o f te n in g  a t  85° - 95°«
S e v e ra l more a t te m p ts  w ere made w ith  s l i g h t  m o d if ic a t io n s
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i n  th e  e x p e rim e n ta l p ro c e d u re  b u t th e  y i e ld s  o b ta in e d  w ere 
low  and th e  r e s u l t s  i n c o n s i s t a n t .
D iphenoyl c h lo r id e  was s u c c e s s f u l ly  p re p a re d  by 
h e a t in g  d ip h e n ic  a c id  and p h o sp h o ru s ;p e n ta c d ilo r id e  a t  180° - 190°  
and th e n  rem oving th e  o x y c h lo r id e  by d i s t i l l a t i o n  u n d er 
red u ced  p r e s s u r e .  The r e s id u e  was p u t in  a  vacuum b e fo re  
i t  s o l i d i f i e d .  The c ru d e  a c id  c h lo r id e  th u s  o b ta in e d  m e lted
o o .
a t  93 -9 6  and th e  y i e l d  was F u r th e r  p u r i f i c a t i o n  was
n o t  found  n e c e s s a ry .
A ttem pted  u r e n a r a t io n  o f  2 : 2 '- d ia c e tv ld iu h e n v l .
( Compare Gilman and N e ls o n , R e c ,t r a v ,c h im , .1 9 3 6 , 55, 5 l8  and 
N ightj& gÿL e e t , a l , . J , A m er,Chem,S o c , ,1 9 5 0 , ? 2 , 875» 1952 , 7 4 ,
2557; 1953, Z i ,  4 7 0 1 ).
In  a 1 l i t r e  th r e e  necked  f l a s k  f i t t e d  w ith  a  d ro p p in g  
fu n n e l ,  r e f lu x  co n d en ser w ith  ca lc iu m  c h lo r id e  tu b e ,  and a  
m ech an ica l s t i r r e r  was p la c e d , magnesium (2»4g , , lm o l , )  w ith  
a  c r y s t a l  o f  io d in e .  The r e a c t io n  was s t a r t e d  by ad d in g  a  
few  M ,  o f  th e  s o lu t io n  o f  f r e s h l y  d i s t i l l e d  m e th y l brom ide 
( l 4 ,2 g ,  ,J r5 n io r, ) i n  d ry  e th e r  (ç a ,.4 5 m l.) ,  The f l a s k  was. 
co o led  e x te a p ia lly  by an i c e - b a t h .  A f te r  th e  r e a c t io n  had  
s t a r t e d ,  th e  s o lu t io n  o f  th e  h a l id e  was ru n  i n  a t  such  a 
r a t e  a s  to  m a in ta in  a g e n t le  r e f u lx in g  o f  th e  e t h e r .  T h is  
s o lu t io n  was added i n  i-hB, S t i r r i n g  was c o n tin u e d  f o r  
a n o th e r  20m in, a f t e r  t h i s .
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F in e ly  ground anhydrous cadmium c h lo r id e  I 9 * l g * ,0 ,5 m o l . ) ,
h ea ted  p i^ io u s ly  in  an a i r  oven  a t  l 4 0 ° - l 6 0 °  f o r  th r e e  h o u r s ,
was added g r a d u a lly  and th e n  th e  f l a s k  was a llo w e d  to  warm
t o  room te m p e r a tu r e . N e g a t iv e  Gilman t e a t  ( M is c h le r 's  k e to n e
t e a t )  was o b ta in e d  a f t e r  i-h r .
The f l a s k  was a g a in  c o o le d  in  th e  ic e S b a th  and th e
a c id  c h lo r id e  ( l 4 , 0 g , , l m o l . )  was added in  lOm in.. The r e a c t io n
was v e r y  g e n t l e .  The ic e - b a t h  was removed and th e  r e a c t io n
m ix tu re  was h e a te d  u nd er r e f l u x  on a w a ter  b a th  w ith  s t i r r i n g
f o r  i h r .  Tha % d r o ly s i s  was th en  c a r r ie d  o u t by ad d in g
10^ s u lp h u r ic  a c id *
The e th e r  la y e r  was s e p a r a te d , th e  w a te r  la y e r  e x t r a c te d
tw ic e  w ith  e th e r  and a l l  th e  e t h e r e a l  s o lu t io n s  w ere com bined
and w ashed r e s p e c t i v e l y  w ith  w a te r , 5^ sodium  hydrogen
c a r b o n a te , and w a ter  aga in »  I t  was th en  d r ie d  o v er  anhydrous
sodium  sulphâ& eüi E th er was removed by d i s t i l l a t i o n *
The r e s id u e  was s u b je c te d  t o  vacuum d i s t i l l a t i o n .  At 
o o .
90 -1 0 0  /l4m m , an ora n g e  c o lo u r e d  vapour was form ed w h ich
o o
d id  n o t  co n d e n se , A y e l lo w  l i q u i d  d i s t i l l e d  a t  205 -2 2 0  /14mm, 
I t  w a s(ïk tsx 3 H i± d if± H d x a n x a a a i± H g  and was fm m d  ±ax3aœ) w ashed  
w ith  m eth a n o l and f i l t e r e d *  The w h ite  su b s ta n c e  o b ta in e d  
had m .p ,2 1 2 ° -2 2 0 ° .
The above ex p er im en t was r e p e a te d  a s  f o l lo w s :  For
th e  p r e p a r a t io n  o f  m eth y l m agnesium  b rom id e, and from  i t  
th e  d im e th y l cadmium, m agnesium ( 2 , 4 g . , l a t o m ) , methyi^bromide
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(1 4 ,2 g , ,1.5dio1..) and anhydrous cadmium c h lo r id e  ( 9 , l g , » 0 , 5 m o l,)  
w ere u se d , D iphenoyl c h lo r id e  (lO .O g, ,,0,.8mol, ) was th e n  added . 
The t h e o r e t i c a l  q u a n t i ty  o f th e  a c id  c h lo r id e  was I2!,9‘g , b u t 
HH±y l e s s e r  amount was u se d  so as  to  en su re  i t s  com plete  
u t i l i s a t i o n .
In  t h i s  experfanen t, on w tiixsxfc ' n e u t r a l i s a t i o n  o f  th e  
e th e r  e x t r a c t  w ith  sodium hydrogeh c a rb o n a te , a  w h ite  
p r e c i p i t a t e  was o b ta in e d  w hich was f i l t e r e d  and washed w ith  
w a te r .  I t  m e lte d  a t  2 1 0 °-2 l8 °(d eco m p ,)4  I t  was in s o lu b le  
i n  d i l u t e  a l k a l i s  and d i l u t e  s u lp h u r ic  a c id .
The e th e r e a l  s o lu t io n  was washed w ith  w a te r , d r ie d  
o v e r anhydrous sodium s u lp h a te  and th e  e th e r  removed by 
d i s t i l l a t i o n .  In  th e  r e s id u e  o b ta in e d , a f t e r  a  co u p le  o f  
d a y s , some c r y s t a l s  w ere form ed w hich cou ld  n o t  be s e p a ra te d  
c o m p le te ly  and m e lted  a t  205° - 220° ,
The same exp erim en t was a g a in  re p e a te d  w ith  a few  
m o d if ic a t io n s .  M ethyl magnesium brom ide was p re p a re d  a t  room 
te m p e ra tu re  and a f t e r  th e  a d d i t io n  o f  cadmium c h lo r id e ,  e th e r  
was removed by d i s t i l l a t i o n  and d ry  to lu e n e  was th e n  added .
The a c id  c h lo r id e  was added to  th e  l a t t e r  i n  a  to lu e n e  
s o lu t io n .  The r e a c t io n  p ro d u c t was t r e a t e d  as  in  th e  l a s t  
two experim em ts. From th e  e th e r e a l  e x t r a c t s ,  a  s t i c k y  s o l id  
m ,p ',200° - 210°  was o b ta in e d .
These su b s ta n c e s  w ere found  to  be d ip h e n ic  q c id  and 
i t s  a n h y d r id e .
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In  v iew  o f  th e  above f a c t s ,  no f u r t h e r  ex p e rim en ts  
w ere c a r r i e d  o u t f o r  th e  p r e p a r a t io n  o f  2 : 2 ' - d ia c e ty ld ip h e n y l .
P r e p a r a t io n  o f  2 : 2 ' - d ib e n z o v ld iu h e n v l .
( Compare N ig h t in g a le ,  Wagner and W ise, J . Amer.Chem.Soc, , 1953, 
2 i ,  4701) .
To magnesium (2 .4 g .la to m )  in  a  th r e e  necked  f l a s k ,  w ith  
a  co n d e n se r, d ro p p in g  fu n n e l and s t i r r e r ,  was added a s o lu t io n  
o f  brom obenzene ( l 6 .0 g , , l m o l . )  im  d ry  e th e r .  The f l a s k ,  
a f t e r  th e  co m p le tio n  o f  t h i s  r e a c t io n ,  was co o led  in  an i c e -  
b a th  and anhydrous cadmium c h lo r id e  ( 9 . 2g . , 0 , 5mol«) was 
added to  i t .  A f te r  some tim e  th e  f l a s k  was a llow ed  to  warm 
up to  room te m p e ra tu re  and th e n  h e a te d  on a w a te r  b a th  f o r  
-&hr. A n e g a t iv e  Gilman t e a t  was o b ta in e d  a f t e r  t h a t  t im e .
E th e r  was re p la c e d  by d ry  to lu e n e  ( 50ml'. ) .  The a c id  
c h lo r id e  ( l4 g ,,p « 5 m o l.)  was added to  i t  a f t e r  c o o lin g  th e  
f l a s k ,  in  an i c e  b a th .  To com plete  th e  r e a c t io n ,  th e  r é a c t io n  
m ix tu re  was h e a te d  on a w a te r  b a th  f o r  l i^ h rs .
The r e a c t io n  p ro d u c t was t r e a t e d  in  th e  sisame m anner 
a s  d e s c r ib e d  u n d er th e  a tte m p te d  p r e p a r a t io n  oÊ 2 ; 2* - d i a c e ty l -  
d ip h e n y l. Prom th e  o i l y  r e s id u e  a c r y s t a l l i n e  s o l id  s e p a ra te d  
w hich was; c o l l e c te d  by f i l t r a t io n ,m ,p '.2 2 0 ° - 2 2 4 ° .  I t  was 
c r y s t a l l i s e d  from  t r i c h lo r o e th y le n e ,  m ,p ,2 2 2 °-2 2 4 °‘.
The t o t a l  w e ig h t o f  t h i s  p ro d u c t was 2'oOg, I t  was in s o lu b le
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î n  b o i l in g  10^  sodium c a rb o n a te . I t  was l a t e r  i d e n t i f i e d
a s  d ip h e n ic  a n h y d rid e , th e  a c id  b e in g  p r e c i p i t a t e d  from  th e
10^  sodium h y d ro x id e  s o lu t io n  t h a t  was u sed  to  h y d ro ly se  th e
r e a c t io n  p ro d u c t.  I t  an a ly se d  f o r  d ip h e n ic  a n h y d r id e ,
( Pound f o r  th e  r e a c t io n  p ro d u c t: C ,75»0; H,3V6, C a lc .
f o r  d ip h e n ic  a n h y d r id e , C E O ,  C ,7 5 » l; H ,3 ,7 )?),
14 o 3i
In  a n o th e r  ex p e rim e n t, phenyl magnesium brom ide was 
p re p a re d  from  magnesium (2 ,4 g ,,J .a to m ,)  and bromobenzene 
( l6 ',0 g , , lm o l ,  )', The f l a s k  was coo led  in  a  f r e e z in g  m ix tu re  
and cadmium c h lo r id e  ( 9 , l g ,  ,p .5 m o l.)  was added to  i t .  The 
fo rm a tio n  o f  d ip h e n y l cadmium was com pleted  by h e a tin g  on a 
w a te r  b a th  f o r  2 h rs ,  âü though  n e g a tiv e  Gilman t e s t  was 
o b ta in e d  a f t e r  40min« E th e r  was re p la c e d  by d ry  to lu e n e  (lOOml’); 
and d ip h en o y l c h lo r id e  ( lO .O g ,,0 ,3 6 m o l,)  suspended in  d ry  
to lu e n e  was added in  abou t i h r ,  a t  6 0 ° -8 0 ° , H eating  under 
r e f lu x :  was th e n  c o n tin u ed  f o r  a n o th e r  2h r s .  w ith  s t i r r i n g .
The r e a c t io n  f l a s k  was co o led  in  an ic e - b a th  and th e  
p ro d u c t h y d ro ly se d  by i c e - c o ld  1:1  h y d ro c h lo r ic  acid%,
On c o o lin g  a  w h ite  c r y s t a l l i n e  su b s ta n c e  s e p a ra te d  
w hich was f i l t e r e d ,  m ,p ,l5 0 ° - l5 4 ° .  Some more d ik e to n e  was 
o b ta in e d  from  th e  m other l i q u o r  on s ta n d in g  f o r  a few d ay e , 
m ,p , l4 7 ° - l5 2 ° ;  4 ,0 g , Om» c r y s t a l l i s a t i o n  from  e th a n o l ,  
i t  m e lte d  a t  l6 5 ° - l6 7 ° ;  2 . 5 g , , 16^ y i e l d .
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P r e p a r a tio n  o f  9 8 1 0 -d lp h e n v lp h e n a n th r e n e .
A la r g e  ex c e ss  o f  z in c  amalgam was p re p a re d  by t r e a t i n g  
z in c  wool ( 25g«) w ith  m ecuric  c h lo r id e  ( 2 , 0g«) i n  w a te r  ( l 5m l . ) 
w ith  a few d ro p s  o f  c o n c e n tra te d  h y d ro c h lo r ic  a c id '. The 
l i q u i d  was d e c a n te d  o f f  and z in c  amalgam washed once w ith  
w a te r .
To th e  z in c  amalgam in  a 500ml. f l a s k  f i t t e d  w ith  a  
r e f lu x  co n d en ser warn added w a te r  ( I 5m l . ) ,  c o n c e n tra te d  
h y d ro c h lo r ic  a c id  ( 25ml'. ) fo llo w ed  by a s o lu t io n  o f  2 : 2 * - d i -  
b e n z o y ld ip h en y l ( 5 .3 g .)  i n  to lu e n e  (5 0 m l.) .  The r e a c t io n  
m ix tu re  was h e a te d  u n d er r e f lu x  f o r  6h r s . ,  add ing  a t  i n t e r v a l s  
a n o th e r  10m l. o f  c o n c e n tra te d  h y d ro c h lo r ic  a c id .
I t  was a llow ed  to  s ta n d  o v e rn ig h t .  Two la y e r s  w ere 
form ed w hich w ere s e p a ra te d  and th e  w a te r  l a y e r  e x t r a c te d  
w ith  a  few m l. o f  to lu e n e .  The combined to lu e n e  e x t r a c t s  
w ere d r ie d  o v e r anhydrous magnesium su lp h fe te . Toluene was 
removed by d i s t i l l a t i o n  u n d er red u ced  p r e s s u r e .  The y e llo w  
re s id u e  s o l i d i f i e d  g r a d u a l ly ,  1 . 2g . ,m .p .200° - 205° ( s o f te n in g  
a t  1 8 5 ° ) . I t  c r y s t a l l i s e d  i n  lo n g  n e e d le s  from  e th a n o l ,  
l .O g .;m .p .2 3 2 ° -2 3 5 ° . The y ie ld  was 21^ .
F o r a n a ly s i s  i t  was r e c r y s t a l l i s e d  from  b enzene ,
o o
m'.,p.237 -238  .
( Pound: 0 ,9 4 .1 ;  H ,5 .7 '^  C a lc , f o r  C H : 0 ,9 4 .5 ;  H ,5 .5 ^ ) '.
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P re p a ra t io n  o f  4 :4 « * 6 t6 * - te tra c h lo ro d lp h e n o y l  d i c h lo r id e .
T e tra c h lo ro d ip h e n ic  a c id  (^ .O g . ,;lm ol. ) and phosphorus
p e n ta c h lo r id e  ( 5«5g« ,l'.lmol% .) w ere m ixed in  a f l a s k  f i t t e d
w ith  an a i r  co n d en se r c a r ry in g  a ca lc ium  c h lo r id e  tu b e . The
f l a s k  was warmed to  s t a r t  th e  r e a c t io n '.  A f te r  th e  i n i t i a l
r e a c t io n  had su b s id e d , th e  f l a s k  was h e a te d  in  a  m e ta l b a th
a t  160°-188 f o r  3 h rs .  Phophorus o x y c h lo r id e  was th e n  removed
from  i t  by d i s t i l l a t i o n  u n d er reduced  p r e s s u r e .  The r e s id u e
was l e f t  o v e rn ig h t  i n  a vacuum over p o ta ss iu m  h y d ro x id e .
I t  s o l i d i f i e d  to  a ' w h ite  h a rd  m ass, 5»25g"., 98^ y ie ld ^  I t  
o o
had  m'.p'é80 - 83, • ,  and a f t e r  c r y s t a l l i s a t i o n  from l i g h t  
p e tro leu m  (b '.p .4 0 ° -6 0 ° )  i t  m e lted  a t  8l ° - 83°'«
( Pound: 0 ,4 0 .7 ;  H ,l '.2 ;  0 1 ,5 2 .7 .
0 ,4 0 .3 ;  H ,1 . 0 ; 0151.0  %y„
I t  w as, how ever, found t h a t  th e  crude a c id  c h lo r id è  
was s u f f i c i e n t l y  p u re  to  be u sed  f o r  a l l  subsequen t p re p a ra t io n ^ . 
îOiExpEQCfc. In  o rd e r  to  e s t a b l i s h  th e  i d e n t i t y  o f  th e  above 
a c id  c h lo r id e ,  m ethy l t e t r a c h lo r o d ip h e n a te  was p re p a re d  from  
i t  and found  to  be i d e n t i c a l  w ith  th e  e s t e r  p re p a red  p re v io u s ­
l y .
The fo llo w in g  th r e e  new d e r iv a t iv e s  were a ls o  p re p a re d  
from  th e  a c id  c h lo r id e .
4 : 4 '$ 6 : 6 ' - T e t r a c h lo r o d ip h e n a n i l id e : The a c id  c h lo r id e  ( l .O g .)
was h e a te d  w ith  an ex c ess  o f  a n i l i n e  on a w a te r  b a th  f o r  
i-h r . I t  was th e n  co o led  to  room te m p e ra tu re  and poured  in to
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d i l u t e  h y d ro c h lo r id  a c id .  The p ro d u c t was f i l t e r e d ,  washed 
w ith  w a te r ,  2^  sodium hydrogen c a rb o n a te , w a te r  and then  d r ie d .  
I t  m e lte d  a t  240°-244°J 1 . 2 g . ,9 1 ^  y i e l d .
I t  c r y s t a l l i s e d  from  a c e to n e  in  r e c ta n g u la r  p l a t e s  
m*p‘-.243°-2Mf .
( Pound: 0 ,5 9 .0 ;  H ,3 '.0 j 0 1 ,2 4 .1 ; N ,6 .0 .
r e q u ir e s  0 ,5 8 .9 ;  H ,3 .0 ; 01 ,26*7 ; N,5«3^ ) .
4 : 4 ' : 6 : 6 ' -T e tra c h lo ro d lu h e n a m id e : The a c id  c h lo r id e  ( l .O g . ) 
was b o i le d  g e n t ly  w ith  an ex c ess  o f  ammonium h y d ro x id e  ( ^ 0 , 88 ) 
f o r  l5 m in . I t  was co o led  and f i l t e r e d ,  and th e  p r e c i p i t a t e  
washed w ith  w a te r .  The d ry  p ro d u c t w eighed 0 .5 g . ,- 55^ y i e l d .
I t  had m .p . 240°-242° and a f t e r  c r y s t a l l i s a t i o n  from  
ch lo ro fo rm  m e lte d  a t  246°-247°*.
( Pound: 0 ,4 4 .4 ;  H , l ,9 ;  0 1 ,3 7 .8 ;  N ,7 .e .  C^i^HgO^NgOl^
r e q u i r e s  0 ,4 4 .4 ;  H ,2 .1 ; 0 1 ,3 5 .5 ;  N ,7 .4  %)»
PhenyB 4 :4 * :6 : 6 ' - t e t r a c h lo r o d ip h e n a te : (a )  A s o lu t io n  o f  
phen o l (0 »8g . ,.4inol.), was p re p a re d  in  p y r id in e  ( 32m l.)  and 
to: t h i s  te t r a c h lo r o d ip h e n o y l  c h lo r id e  ( l . 66g . , l m o l . )  w as 
added . The f l a s k  was h e a te d  on a w a te r  b a th  u n d er r e f lu x  f o r  
45m in. A f te r  t h i s  tim e i t  was co o led  to  room te m p e ra tu re  
and poured  in to  w a te r  w ith  s t i r r i n g .  A brown o i l  s e p a ra te d  
w hich was l e f t  o v e rn ig h t a t  abou t 4 ° .  The s o l i d  was f i l t e r e d  
o f f  , washed s u c c e s s iv e ly  w ith  w a te r ,  5^  sodium hydrogen
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c a rb o n a te  s o lu t io n ,  w a te r ,  d i l u t e  h y d ro c h lo r ic  a c id  and l a s t l y  
w ith  w ater*  A f te r  d ry in g  i t  m e lted  a t  112°-122° and w eighed 
2*lg '* ,60^ y i e l d .  I t  was f i n e l y  powdered and l e f t  exposed 
to  a i r  f o r  s e v e ra l  days i n  o rd e r  to  remove th e  odour o f  
p y r id in e .  I t  was th e n  k e p t in  a vacuum o v e r c o n c e n tra te d  
s u lp h u r ic  a c id  f o r  th e  same p u rp o se .
On r e c r y s t a l l i s i n g  from  l i g h t  p e tro leu m  i t s  mi.p. was; 
119° - 122°  b u t s t i l l  c a r r i e d  a f a i n t  sm all o f  p y r id in e .
( Pound: 0 ,5 8 .6 ;  H ,2 ,7 . ;  0 1 2 7 .9 . ^ 26^ 4^4^^4 r e q u ir e s
0 ,5 8 .6 ;  S ,2 .7 ;  0 1 ,2 6 .7 ^  >'.
(b ) The d ip h e n y l e s t e r  was a ls o  p re p a re d  by warming 
o f
a m ix tu re  Aphenol ( 0 .4 g .  ,4mol'. ) and th e  a c id  c h lo r id e  ( 0 .8 3 g . ,
Im o l.)  in  abou t l 5m i. w a te r  t i l l  th e  s o l id  l i q u e f i e d  and
th e n  add ing  sodium c a rb o n a te  (0 . 32g . , 3 . Om&l.) fo llo w e d  by
h e a tin g  on th e  w a te r  b a th  f o r  1-èhrs. I t  was co o led  to  room
te m p e ra tu re  and poured  in to  4 tim e s  i t s  volume o f  w a te r .
D i lu te  h y d ro c h lo r ic  a c id  was added to  th e  r e a c t io n  m ix tu re  w ith  
o
c o o lin g  to  0 and s t i r r i n g .  The p r e c i p i t a t e  was c o l l e c t e d
on a  Buchner fu n n e l and d r ie d  a f t e r  w ashing  w ith  w a te r ,
10^ sodium hydrogen c a rb o n a te  and f i n a l l y  w ith  w a te r .  The
p re d u c t  had m!.p.131^ - 136° ,  0 . 83g . ,'83^  y i e l d .
Prom l i g h t  p e tro leu m  (b .p .6 0 ° -8 0 ° )  i t  c r y s t a l l i s e d  in
sm all p rism s  w ith  m .p '.1 3 9 °-l4 0 °‘.  The m .p .o f  th e  above on
adm ix tu re  w ith  th e  d ip h e n y l e s t e r  p re p a re d  by m ethod (a )  and
o o
th e  m .p . o f  th e  l a t t e r  w ere th e  same v i z .  119 - 122 .
—125“
c Pounds G ,5 8 .6 ; H ,2 .7 ;  C l ,2 7 .0 . C alfi. f o r  
0 ,5 8 .6 ;  H ,2 .7 ;  C l ,2 6 .7 ^ ) .
A ttem pted  p r e p a r a t io n  o f  2* 2 ' -d lb e n z o v l-4 s 4 ' s6's 6 ' - t e t r a c h l o r o -
d lp h e n y l.
P henyl magnesium brom ide was p re p a re d  from  magnesium 
(1 .2 g . ,J.atom . ) and brom obenzene ( 8 .0 g . , lm o l‘.  ) .  Anhydrous 
cadmium c h lo r id e  ( 4 .6 g . ,0 ,5 m o l . ) was added to  i t  a f t e r  c o o lin g  
th e  f l a s k  i n  ic e d  w a te r .  The s t i r r i n g  was co n tin u e d  in  c o ld  
f o r  fK r.. and th e n  to  com plete  th e  r e a c t io n ,  th e  f l a s k  was 
h e a te d  on g b o i l in g  w a te r  b a th  f o r  I h r .  The fether was th e n  
re p la c e d  by d ry  to lu e n e  ( I 5 m l . ) .  In  th e  n e x t  i-h r. th e  
s o lu t io n  o f  4 : 4 '* 6 : 6 '- te t r a c h lo ro d ip h e n o y l  c h lo r id e  ( 8 .4 g . ,  
0 .4 m o l.) i n  to luem e ( 50m l . ) was added and th e  h e a tin g  w ith  
s t i r r i n g  was c o n tin u e d  f o r  a n o th e r  2 h rs .
The r e a c t io n  m ix tu re  was co o led  and t r e a t e d  in  a s im i la r  
way a s  i n  th e  p r e p a r a t io n  o f  2 : 2 '-d ib e n z o y ld ip h e n y l. A f te r  
th e  rem oval o f  to lu e n e  in  vacuum, a  y e llo w  s t i c k y  su b s ta n c e  
was o b ta in e d . This; was warmed w ith  e th a n o l and th e  s u p e rn a ta n t  
c l e a r  l i q u i d  was d ec an ted  o f f .  In  th e  r e s id u e ,  a f t e r  s ta n d in g  
f o r  th r e e  days a s o l id  ap p e a red  w hich was c o l l e c te d  in  a 
H ersch  fu n n e l and washed w ith  e th a n o l .  The w h ite  s o l id  
th u s  o b ta in e d  m e lted  a t  1 0 4 ° - 1 0 ^ ‘.  Prom th e  f i l t r a t e  on 
s ta n d in g  f o r  s e v e r a l  more days some more o f  th e  w h ite  su b s ta n c e  
was o b ta in e d . The two c ro p s  w ere combined and c r y s t a l l i s e d
1 o ofrom  e th a n o l ,  m . p . I l l  -113  •
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( Pound: 0 ,4 9 ,3 ,4 9 .5 ;  H ,3 .4 ,3 .4 ;  0 1 ,3 2 .5 . C H 0 01.
26, 14 2 ^
r e q u i r e s  0 ,6 2 .4 ;  H ,2 .8 ; 0 1 ,2 8 .3  ^ ) .
These a n a ly s e s  r e s u l t s  do n o t  a ls o  a g re e  w ith  th e  
p e rc e n ta g e  o f  c a rb o n , hydrogen and c h lo r in e  i n  t e t r a c h lo r o -  
d ip h é n ic  a c id  o r  i t s  a n h y d rid e . IM fo r tu n a te ly  th e r e  was 
n o t  enough m a te r ia l-  l e f t  f o r  f u r t h e r  i n v e s t i g a t io n .
P re p a ra t io n  o f  9 : lO -d ih v d ro x v -9 : 1 0 -d ie th v lu h e n a n th re n e .
The method was th f t t  o f  Z incke and T ro o n .( A nnalen ,1908. 
362'. 2 4 2 ), m o d ified  by H a l l ,  L adbury, L e s s l ie  and T u rn e r, 
(u n p u b lish e d )  f o r  d ih y d ro x y d im e th y lp h en an th ren e .
To e th y l  magnesium brom ide p re p a re d  from  magnesium 
( 19*4 g . , 4atom s) and e th y l  io d id e  (^iSflig., 5mol. ) i n  d ry  e th e r  
(6 0 0 m l.) ,  was added s low ly  p h en an th raq u in o n e  ( 4 l .6 g . , lm o l ;  
m .p . 205° -2 0 6 ° )  i n  I5m in‘.  w ith  v ig o ro u s  s t i r r i n g .  P h en an th a» - 
qu inone had  p re v io u s ly  been ground , s ie v e d  (60 mesh) and 
l e f t  i n  a  vacuum o v er p o ta ss iu m  h y d ro x id e /c o n c e n tra te d  
s u lp h u r ic  a c id  o v e rn ig h t  a s  th e  com m ercial m a t e r i a l  c o n ta in e d  
a c e t i c  a c id .  I t  r e a c te d  v ig o ro u s ly  w ith  th e  G rig n a rd  r e a g e n t .
A f te r  th e  a d d i t io n  was co m p le te , d ry  benzene (250m l.) 
was added . The r e a c t io n  m ix tu re  was h e a te d  on a w a te r  b a th  
a llo w in g  e th e r  to  d i s t i l  o f f  x u a d tly x  g ra d u a l ly  i n  ab o u t Ih b . 
H ea tin g  was c o n tin u e d  f o r  a n o th e r  l i 'h r s .  w ith  benzene b o i l in g  
g e n t ly  u n d er r e f l u x .
The gmpÿish y e llo w  r e a c t io n  m ig tu re  was co o led  to  
room te m p e ra tu re  and pou red  in to  i c e - c o ld  water{JL500m l.) '.
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A g re en  s o l id  p r e c i p i t a t e d .  To t h i s  was added d i l u t e  
s u lp h u r ic  a c id  (1 8 0 0 m l.) and th e  s o l id  was; m o s tly  d is s p lv e d  
by e x t r a c t in g  w ith  e th e r  ( 5000m l.)  and benzene (1 5 0 0 m l.) .
The c o lo u r  o f th e  s o lu t io n  g ra d u a lly  changed from  g reen  to  
o ra n g e . The benzene and e th e r  e x t r a c t s  were combined and 
washed tw ic e  w ith  b r in e ,  th e n  w ith  c o n c e n tra te d  sodium 
b i s u l p h i t e  s o lu t io n  u n t i l  th e  l a t t e r  on adding aqueous 
sodium h y d ro x id e  gave no phenan th raqM none. On w ashing : f l th  
sodium b i s u l p h i t e  a l l  th e  s o l id  w hich had n o t d is s o lv e d  so 
f a r ,  d is s o lv e d  c o m p le te ly . The s o lu t io n  was washed ag a in  
tw ic e  w ith  b r in e .
A ll  th e  e th e r  was removed by d i s t i l l a t i o n  and th e  r e s id u a l  
benzene s o lu t io n  a llow ed  to  s ta n d  f o r  c r y s t a l l i s a t i o n .  In  a l l ,
fo u r  c ro p s  o f  d ih y d ro x y d ie th y lp h e n a n th re n e  were o b ta in e d .
5 o o o
Crop I  had m .p .121 -123 , 1 0 .Og. ; Crop I I ,  m .p. 119 -121 ,
I5 .1 g » î  Crop I I I ,  m .p o l l2 ° - l l6 ° ,  7 .0 g , and Crop IV, m.p« 1 0 7 ° -
1 1 5 ° , 4o7g .'. The l a s t  c ro p , l .O g .,m .p '. below  100° and th e
d i r t y  re d  m other l iq u o r  were d is c a rd e d .
From th e  sodium b i s u lp h i t e  s o lu t io n ,  p h enan th raqu inone
(S .O g .)  was c o l l e c te d  by adding aqueous sodium h y d ro x id e .
A llow ing f o r  t h i s  re c o v e ry , th e  y ie ld  o f 9*1 0 -d ih y d ro x y -
9 :1 0 -d ie th y lp h e n a n th re n e  (3 6 .8 g .)  was 85%. (Z incke and T ropp,
l o c . c i t . , 40^ y i e l d . ) .
Some o f  th e  f i r s t  crop  was r e c r y t s a l t i s e d  twicw from
O o
benzene when i t  had m .p .122 -123 • (Z incke and Tropp g iv e  m.po
o o 
120 -1 2 2  ).
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P re p a ra t io n  o f  2 :2 '- d ip r o p lo n y ld lp h e n v l .
The g e n e ra l  m ethod o f  Z incke and Tropp ( l o c . c i t . )  a s  
u sed  f o r  2 : 2 '- d ia c e ty ld ip h e n y l  and o th e r  s im i la r  compounds 
was u se d .
The above d io l  (2 6 .7 g .)  was d is s o lv e d  in  g l a c i a l  a c e t i c  
a d d  ( 250m l.)  w ith  warming up to  80° on a h o t p l a t e  in  a  
b e a k e r . To t h i s  a  10^ aqueous s o lu t io n  o f  c^omium t r i o x id e  
(1 0 .O g.) w ith  s t i r r i n g  was added in  abou t 5min. The 
te m p e ra tu re  o f  th e  r e a c t io n  m ig tu re  was m a in ta in e d  a t  70° f o r  
20min. I t  was th e n  eo o led  to  room te m p e ra tu re , poured  in to  
w a te r  (800m l.) and a llow ed  to  s ta n d  o v e rn ig h t .
A y e llo w  o i l  s e p a ra te d  w hich co u ld  n o t  be s o l i d i f i e d .
I t  was e x t r a c te d  w ith  e th e r ,a n d  t h i s  was- th e n  washed su c c e ss ­
iv e ly  tw ic e  w ith  w a te r ,  once w ith  20^ sodium hydrogen c a rb o n a te  
s o lu t io n ,  fo u r  tim e s  w ith  w a te r  and f i n a l l y  d r ie d  o v er 
anhydrou sodium s u lp h a te .  E th e r  was removed by d i s t i l l a t i o n  
and th e  r e s id u a l  o range  c o lo u re d  o i l  was d i s t i l l e d  under 
red u ced  p r e s s u r e .
The f i r s t  f r a c t i o n ,  b .p .  l8 2 ° - l8 4 ° /8 m m ., 12.3g« and 
th e  second f r a c t i o n ,  b .p .  l84°-190°/8m m . w eighed 8 .6 g . The 
t o t a l  y i e ld  was Both w ere in o c u la te d  by c r y s t a l l i n e
d ik e to n e  from  a p re v io u s  p r e p a r a t io n  (some o f  th e  o i l y  
p ro d u c t w hich had s o l i d i f i e d  on s ta n d in g  f o r  s e v e ra l  w eek s).
The above two f r a c t i o n s  s o l i d i f i e d  o n ly  p a r t l y  a f t e r  be ing
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a llo w ed  to  s ta n d  d v e m ig h t  and lo n g e r .
SiHK: F o r a n a ly s is  th e  o i l y  d ik e to n e  a f t e r  r e d i s t i l l i n g  
tw ic e  was u se d . The c r j ^ ^ a l l i n e  d ik e to n e  from  th e  p re v io u s  
p r e p a r a t io n  a f t e r  be ing  washed tw ic e  w ith  e th e r  on a Buchner 
fu n n e l had m .p .3 8 ° -4 0 ° .
( Found: C ,8l .O ;  H ,6 . 6 . r e q u ir e s  C ,8l . l ;  H ,6' . 8^  ) .
D e r iv a t iv e s  o f  2 : 2 '-d iu ro p io n v ld iu h e n v l .
(A) Oxime: I t  was p re p a red  from  hydroxylam ine
h y d ro c h lo r id e  ( l , 5g .)  i n  a  few  m l. o f  w a te r , 10^  sodium 
h y d ro x id e  s o lu t io n  ( 3m l.)  and th e  d ik e to n e  (0 . 3g .)  d is s o lv e d  i n  
e th a n o l (3 m l .) .  I t  was h e a te d  on a w a te r  b a th  f o r  I J m in . , 
c o o led  and l e f t  o v e rn ig h t a t  c& .4°. The c r y s t a l l i n e  s o l id
was f i l t e r e d  o f f ,  m .p. 180° - 183° ; r e c r y s t a l l i s e d  tw ic e  from  
d i l u t e  e th a n o l ,  m .p .181^ - 183° .
( Found: 0 ,7 2 .3 ;  H ,6 .7 ; N ,1 0 .0 . C28H20O2N2 r e q u i r e s  
0 ,7 2 .9 :  H ,6 . 8 ; N ,9 .5 ^ .)
(B) S an ica rb azo n e : A s o lu t io n  o f  sem ica rb az id e
h y d ro c h lo r id e  ( 0 . 5g . ) and sodium a c e t a t e  ( 0 . 75g .)  in  w a te r  
( 5m l .) was shaken w e ll  w ith  and e th a n o l ic  s o lu t io n  o f  th e  
d ik e to n e  ( 0 .5 g » l  in  e th a n o l (4 m l.) f o r  some tim e . No 
p r e c i p i t a t e  ap p e a red . I t  was a llow ed  to  s ta n d  f o r  2 weeks 
when th e  g re e n is h  o i l  t h a t  had s e p a ra te d  e a r l i e r ,  s o l i d i f i e d .
I t  was f i l t e r e d  o f f  and c r y s t a l l i s e d  from  e th a n o l .  The 
sem icarbazone was o b ta in e d  in  c l u s t e r s  o f  f i n e  n e e d le s .
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crop  I ,  m ,p .219°-220  and crop  I I ,  m .p .2 1 3 ° -2 l5 ° .
( Pound: 0 ,6 3 ^1 ; H,6’,3 .  O H ,  O N , r e q u ir e s  C ,6 3 .1 f2u 24" 2 D>
H ,6 .3  % ) .
P re p a ra t io n  o f  1 : 2 -d i  a z a -  3 :8 -d i  e t h v l - 4 :5 - 6 :7 -d ib e n z o c v c lo -  
o c ta - 2 :4 :6 :8 - te t r a e n e L
o o
D ipropiophenone (2«0g* ,b .pV l80  -182  /8nm *) was d is s o lv e d  
in  e th a n o l (20 m l.) and h y d ra z in e  h y d ra te  (1 .2 m l. 'f  I m o l . ,
7SJ was added to  i t .  The r e a c t io n  m ix tu re  was h e a te d  f o r  
o
7 h r s .  a t  60 . A f l a k e - l i k e  s o l id  ap p e a red . The f l a s k  was
co o led  and l e f t  f o r  c r y s t a l l i s a t i o n  o v e rn ig h t .  The
c r y s t a l l i n e  s o l i d ,  lo n g  p l a t e s ,  was f i l t e r e d  o f f ,m .p ’.  1 2 4 °- 
.0
125  , 1 .3g* A nother crdp  was c o l le c te d  by c o n c e n tra tis jn g
th e  m other l i q u o r ,  n%). 1 2 5 °-1 2 6 ° , 0 .2 5 g . By f u r t h e r
c o n c e n tra t io n  a s t i c k y  t h i r d  crop  was o b ta in e d  vdiich was
d isca rd ed ;. The y ie ld  o f  th e  a z in e  (1 .5 5 g .)  was 82^ .
F or a n a ly s i s  i t  was c r y s t a l l i s e d  tw ic e  from  e th a n o l ,  
o ,0
in .p . 125  —I 26 •
( Found: C ,8 2 .9 ; H ,6 '.9 ; N ,1 0 .3 . C -H _N^ r e q u ir e s
18 18 2
0 ,8 2 .4 ;  H ,6 .9 ; N .1 0 .8  %)»
P re p a ra t io n  o f  9 :1 0 -d ie th v lu h e n a n th re n e .
The above a z in e  ( 0 .6 g .)  and sodium h y d ro x id e  ( 0 .6 g .)  
were ground f i n e l y ,  added to  t r i e t h y l e n e  g ly c o l ( l^ m r, )
O 0
and h e a te d  in  a m e ta l b a th  a t  200 _ 205 f o r  3 h r^ .
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The r e a c t io n  m ix tu re  was c o o le d , d i lu te d  w ith  w a te r  (50 ml»)
and c a r e f u l l y  a c id i f i e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id .
The p r e c i p i t a t e  was f i l t e r e d  and d r ie d ,  m & p,91°-119°, 0 .45g»
I t  was c r y s t a l l i s e d  from  d i l u t e  a c e t i c  a c id ,  Twd ty p e s
o f  s o l id s  w ere o b ta in e d , j t r a n s p a r a e n t  s i l v e r y  p l a t e s ,  m .p .
c a . l0 5 ° t  w h ite  h a rd  s o l i d ,  m .p .9 2 °-9 5  . Some g re y is h  su b s tan ce
o P
t h a t  was in s o lu b le  i n  a c e t i c  a c id  m elted  a t  110 -115  .
The m other l i q u o r  from  th e  above c r y t s a l l i s a t i o n  on f u r t h e r
c o n c e n tr a t io n  and a d d i t io n  o f  w a te r gave th e  a z in e ,  m .p . 12 1 °-
123°.
T hat th e  r e a c t io n  had been in co m p le te  was e v id e n t from  
th e  lo n g -ra n g e  o f  m e ltin g  o f  th e  above p ro d u c ts  and was
f u r t h e r  con firm ed  by mixed m.psw w ith  p u re  a z in e .
A l i i  th e  s o l id s  d e sc r ib e d  above w ere mixed and added 
to  t r i e t h y l e n e  g ly c o l  ( l5 m l.)  w ith  ground c a u s t ic  pojtash 
( 0 .9 g . ) .  The m ix tu re  was h e a te d  u n d er r e f lu x  f o r  6 h rs .  a t
o o195 -200  . I t  was c o o le d jp o u re d  in to  w a te r  (6 0 m l.) ,  
n e u t r a l i s e d  w ith  d i l u t e  h y d ro c h lo r ic  a c id ,  th e  p r e c i p i t a t e  
f i l t e r e d  o f f  and c ry f tf ta l l is e d  from  d i l u t e  a c e t i c  a c id ,  
m .p .l0 3 ° -1 0 5  ; r e c ry te t ta l l is e d ,  m ,p .l0 5 ° -1 0 7 ° . (The m.p» 
re c o rd e d  f o r  9*10 -< iie 'thy lphenan th rene  in  l i t e r a t u r e  : 1 0 6 °- 
1 0 7 °)T
( Pound: 0 ,9 2 .1 }  H ,7 .7 . C a lc , f o r  8 H 0 ,9 2 .2 ;  0 ^7 .8  %).
18 18
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P re p a ra t lo n  o f  2 :2 '-b is (« ^ -h y d ro x y -n -p ro p y l)d lp h e n v l‘.
A re d u c in g  m ix tu re  was p re p a re d  from  l i th iu m  alum inium  
h y d rid e  ( l ,9 g «  ,-l»5mol*) and anhydrous e th e r  (100m l. ) i n  th e  
u s u a l  a p p a ra tu s . 2 : 2 '-D ip ro p io n y ld ip h e n y l (8 .9 g .,lm o lV ) 
d is s o lv e d  i n  d ry  e th e r  ( c a .  300ml'l) was added to  th e  above 
a t  a  f a i r l y  f a s t  r a t e .  The r e a c t io n  was g e n t le .  When th e  
a d d i t io n  o f  th e  d ik e to n e  was com ple te , th e  r e a c t io n  m ix tu re  
was a llow ed  to  s ta n d  f o r  I h r .  b e fo re  decomposing th e  ex c ess  
o f  th e  re d u c in g  a g e n t ,  w hich was th e n  c a r r i e d  o u t by th e  
a d d i t io n  o f  e th y l  a c e ta t e , ( 1 0 m l . ) ,  fo llo w ed  by w a te r  (5Dm l.) 
and th a n  N/10 s u lp h u r ic  a c id  (30m l. ) .
A w h ite  s t ic k y  m ass s e p a ra te d  betw een th e  aqueous and 
th e  e th e r e a l  l a y e r  w hich was d is s o lv e d  on add ing  a n o th e r  
50ml. o f  s u lp h u r ic  a c id  (2N a c id ) .  The e th e r e a l  l a y e r  was 
s e p a ra te d  and th e  aqueous l a y e r  was e x t r a c te d  t h r i c e  w ith  
e th e r '.  The combined e th e r  e x t r a c t s  were d r ie d  over anhydrous 
sodium s u lp h a te .  The e th e r  was d i s t i l l e d  o f f ,  le a v in g  a  
y e llo w  o i l  from  w hich th e  fo llo w in g  s ix  c ro p s  were o b ta in e d , 
each  o f  w hich was c o l l e c te d  by f i l t r a t i o n  th ro u g h  a 
s in t e r e d  g la s s  fu n n e l and th e  s o l id  d io l  washed on th e  
fu n n e l w ith  a  few m l. o f  e t h e r .  A ttem pts to  s 6 1 id i fy  th e  
o i l  c o m p le te ly  u s in g  d i f f e r e n t  s o lv e n ts  w ere , how ever, n o t  
s u c c e s s f u l .
The t o t a l  w e ig h t o f  th e  d io l  o b ta in e d  in  th e  f e l l
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crops;, l i s t e d  below , was 5*4g. (60^ y i e l d ) .
CROP, 
n o . 1 
no'o2 
noo 3
no'; 4
no'. 5 
n o . 6
M.p%
1 1 8 °-1 1 9 ° ; c r y s t a l l i s e d  
from  benzene: 118 -119
o o 
1 0 9 -1 1 1
75 -8 0 ° ( c l e a r  a t  106 ) ;  
c r y s t a l l i s e d  from  benzene: 
7 3 ° ( c l e a r  a t  90° )
7 2 ° -7 6 ° ( c le a r  a t  8 2 ° ) ;  
c r y s t a l l i s e d  from  benzene* 
7 3 °( c l e a r  a t  90° ) '.
7 0 ° -7 5 ° .
7 2 ° -7 5 ° .
WEIGHT.
3 '.2 g ,(3 6 ^  o f  th e  
t h e o r j r t i c a l  y ie ld )
0 .5 5 s .
0 .4g '.
0 i2 2 g .
O .â ig .
O el8g.
0 .3 4 g .
o . 6 5 g o
A l i t t l e  more s o l id  appeared  in  th e  o i l y  m other l i q u o r  
w hich  was d i f f i c u l t  to  f i l t e r  and was th e r e f o r e  d is c a rd e d .
Crop 1 r e c r y s t a i l i s e d  from b e n z e n e ,m .p .I l8 ° -1 1 9 ° , and crop 
n o .6 , washed w ith  a  few d rops o f  e th e r ,  were a n a ly se d .
( Pound: Crop n o '. l :  C ,8 0 ,l ;  H ,8 ; i .  Crop n o .2: C ,7 9 .8 ;
H ,8 '.2 . C-i^gHggOp r e q u ir e s  C ,8 0 .0 ; H ,8'.2 J?).
In  a n o th e r  experim en t f o r  th e  p r e p a ra t io n  o f  th e  above 
d i o l ,  th e  s t i c k y  w h ite  p r e c i p i t a t e  w hich s e p a ra te d  a f t e r  
th e  r e d u c t io n  o f  th e  d ik e to n e  was o v er.w as  d is s o lv e d  co m p le te ly  
in  s u lp h u r ic  a c id  ( IN .)  by l e t t i n g  i t  s ta n d  f o r  2 d a y s .
The e th e r e a l  s o lu t io n ,  b e fo re  rem oving th e  e th e r ,  was washed
with dilute sodium hydrogen carbonate solution, water and then 
dried. It solidified completely on cooling but had a strong 
small-of ethyl acetate which was removed by washing the diol 
with ether and then heating i t  at 30°—35° for 2 days'. Its  
ra*p. was 100°-107° (softening at 78°); 9»5g» Prom the 
ethereal washing, on removal of ether, a second crop m'.p.58°- 
74°, 2 .2 g . was obtained. The total yield of the diol (ll«7g .) 
was; 94^.
P r e p a ra t io n  o f  2 :2 '-b is< « <  -b ro m o -n -u ro p v l)d ip h e n y l.
I t  was p re p a re d  by h e a tin g  under r e f lu x  th e  above d io l
(2 .0 g ;  ) w ith  hydrobrom ic a c id  (48^ w/w; 40m l. ) f b r  30min'«
I t  was jfhen c o o le d , d i l u t e d  w ith  w a te r  and th e  d ib rom ide was
e x t r a c te d  w ith  e th e r .  The combined e th e r e a l  e x tra c ts :  w ere
washed w ith  w a te r  and d r ie d  o v e r anhydrous sodium o r  magnesium
s u lp h a te .  E th e r was removed by d i s t i l l a t i o n .  The o i l y
r e s id u e  o b ta in e d  cou ld  n o t  be c ry & b a ll is e d .
( Pound: C ,6 l .9 ;  H ,5»7; B r ,2 7 .8 .  C H Br r e q u ir e s
18 20 2
0 ,5 4 .6 ;  H ,5 .1 ; B r ,4 c .3 , ^ ) '.
When th e  two iso m e ric  d io l s  (m .p '.l l8 ° -1 1 9 °  and 7 2 °-7 5 °) 
w ere h e a te d  s e p a r a te ly  w ith  hydrobrèm ic a c id  same r e s u l t  was 
o b ta in e d .
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P re p a ra t io n  o f  2 t2 * -b lS '.-^ -m e th v le th e n v ld lp h e n v l. ( 2 ; 2 ' - d l -
p ro p e n v ld lp h e n v l. )
To th e  o i l  from  th e  above ex p e rim en t, ex c ess  o f  d r ie d  
and f r e s h ly  d i s t i l l e d  h o t q u in o lin e  was; added and th e  m ix tu re  
was h e a te d  u n d er r e f lu x  f o r  lOm in. I t  was co o led  and poured  
i n to  d i l u t e  h y d ro c h lo r ic  acid»  The hydrocarbon  was e x tr a c te d  
w ith  e th e r .  The combined e th e r e a l  e x t r a c t s  w ere washed tw ic e  
w ith  w a te r , d r ie d  o v er anhydrous magnesium s u lp h a te  and e th e r  
removed by d i s t i l l a t i o n .  Prom th e  o i l y  r e s id u e ,  a f t e r  s ta n d in g  
o v e r n ig h t ,  a» w h ite  s o l id  s e p a ra te d  in  hexagonal p la te s ^
I t  was f i l t e r e d  and washed w ith  a few d rops o f  e th e r ,  m»p*72°-
7 6 ° , 0 .6 5 g .
The y i e ld  * a s ;h l ^  on b a s i s  o f  th e  c a lc u la t io n  from  th e  
d io l  b u t t h i s  co u ld  be im proved upon i f  th e  r e a c t io n  was 
c a r r i e d  o u t on a. l a r g e r  s c a le .
( Pound: 0 ,9 2 .3 ;  H ,7 .8 . r e q u i r e s  0 ,9 2 .2 ;  H ,7 .7)^).
The u l t r a - v i o l e t  a b s o rp t io n  spectrum  o f  t h i s  compound 
i s  d is c u s s e d  in  th e  n e x t s e c t io n .
SECTION I I I .
STUDY OF THE
ULTRA-VIOLET ABSORPTION SPECTRA,
STUDY OF ULTRA-VIOLET ABSORPTION SPECTRA.
Unicam sp e c tro p h o to m e te r  (S P /500) was u sed  f o r  th e  
m easurem ent o f  th e  u l t r a - v i o l e t  s p e c tr a  d is c u s s e d  in  th e  
fo llo w in g  p a g e s .
The s o lv e n t  u sed  ih  each ca se  was 95^ e th a n o l b u t f o r  
some s p a r in g ly  s o lu b le  compounds th e  20m l. o f  s to ck  s o lu t io n  
c o n ta in e d  1m l. o f  "B .P ."  ch lb ro fo rm . In  a l l  c a se s  th e  s to c k  
s o lu t io n  was su b se q u e n tly  d i lu te d  50 to  100 tim e s  w ith  th e  
above a lc o h o l to  c o n c e n tr a t io n s  o f  ap p ro x im a te ly  5% 10 g . 
m o le s /  l i t r e .
The o p t i c a l  d e n s i ty  m easurem ents were f i r s t  d e te rm in ed  
u s in g  10mm. c e l l s  and su b se q u e n tly  checked by $im« and 2mm. 
c e l l s  and o c c a s io n a l ly  a ls o  by th e  u se  o f  a  s o lu t io n  o f  
d i f f e r e n t  c o n c e n tra t io n '.
The p rom inen t f e a tu re s :  o f  th e  s p e c tr a  have been 
ta b u la te d  a long  w ith  th o se  o f  th e  r e f e r e n c e  compounds.
-4F o r th e  c u rv e s , m olar e x t in c t io n  c o e f f i c i e n t s  jclO have 
been p l o t t e d  a g a in s t:  i n c r e a s i n g :  wav® num bers.
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The u se  o f  u lb ra s -v io le t  l i g h t  a b s o rp tio n  o f  compounds 
w ith  c o n ju g a te d  system s f o r  th e  i n v e s t ig a t io n  o f  t h e i r  
c o n f ig u r a t io n  h as  deve loped  v e ry  r a p id ly  d u rin g  th e  l a s t  
two d e c a d e s . The c o n f ig u r a t io n  o f  th e  d ip h en y l s k e le to n , 
as  i t  i s  p r e s e n t  i n  many im p o rta n t ty p e s  o f  compounds, has- 
been in v e s t ig a te d  by f i v e  d i f f e r e n t  m ethods nam ely (a )  X -ray  
c r y s t a l  a n a ly s e ; ,  (b )  e le c t r o n  d i f f r a c t i o n  in  vapour p h ase ,
(c )  d ip o le  moment m easurem ents, Cd) o p t i c a l  r e s o lu t io n  amd 
(e )  u l t r a - v i o l e t  l i g h t  a b s o rp t io n .
Dhar ( In d ia n .  J .  P h v s ic s .1933 . 1 , 606 and 679) concluded  
from  h i s  X -ray  c r y s ta l lo g r a p h ic  s tu d ie s  o f  d ip h en y l t h a t  th e  
m o lecu le  i s  c o p la n a r  in  th e  c r y s t a l .  The m o lecu le  in  t h i s  
p a r t i c u l a r  p h y s ic a l  s t a t e  i s  s u b je c t  to  th e  in f lu e n c e  o f  
in te rm o le c u la r  c o h e s iv e  f o r c e s  w hich a r e  n o t  p re s e n t  in  
s o lu t io n  o r  vapou r s t a t e s .  The s tu d y  o f  th e  c o n f ig u ra t io n  
o f  3*3 '- d ic h lo ro b e n z id in e  (T o u s s a in t ,  A cta.C ryst~«. 1 9 4 8 ,1 ,4 3 ’) 
f u r t h e r  i l l u s t r a t e s  t h i s  p o in t .  T o u ssa in t found  t h a t  in  
th e  c r y s t a l  form  th e  m o lecu le  was p la n a r  and th e  two c h lo r in e
9 II
atom s w ere i n  a t r a n s  p o s i t io n ;  w h ereas  i n  2 :2 '- d i c h lo r o -  
b e n z id in e  Smare ( A c ta .C rv s t^ . 1 9 4 8 ,1 ,1 5 0 ) found  t h a t  th e
It n
two c h lo r in e  atom s were i n  a e is ;  r e l a t i o n s h i p  and th e  two 
pheny l r in g s  w efe a t  an an g le  o f  72° w ith  th e  1 :1 ' bond le n g th  
a s . 1*53 â .  S im ila r  r e s u l t s  w ere o b ta in e d  f o r  2 : 2 '-d im e th y l-  
b e n z id in e  h y d ro c h lo r id e  by F o w e a th e r  said H argreave;s ( A c ta . 
C r v s t . . 1950 , 1 ,8 1 ) .
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E le c tro n  d i f f r a c t i o n  m easurem ents o f  vapour g iv e
d a ta  abou t th e  i s o l a t e d  m o le c u le . K a rle  and Brockway, ( J.A m er.
Chem.Soc.  .1 9 4 4 .66 . 1974) have su g g e s te d  a n o n -c o p la n a r
s t r u c tu r e  f o r  d ip h e n y l.o n  th e  b a s i s a o f  t h i s  m ethod o f  s tu d y
and B a s tia n se n  (Act a . C hem .Scand., 1 9 4 9 ,2 ,4 0 8 ) h a s  c a lc u la te d
th e  a n g le  betw een th e  benzene r in g s  f o r  s e v e ra l  s u b s t i tu t e d
d ip h e n y ls ,  t h a t  f o r  d ip h en y l i t s e l f  be ing  45° i n  a coQ^inear
m o le c u le . L i t t l e jo h n ia n d  Sm ith f £ . ,1 9 5 3 ,2 4 5 6 ; 1954,2552)
by the: m easurem ents o f  d ip o le  moments found  t h a t  th e
c o n f ig u r a t io n  o f  d ip h en y l w as;nori-cop lanaro
S u b s t i tu te d  d ip h e n y ls , w hich a re  s t e r i c a l l y  h in d e re d
o r ^ o
owing to  th e  p re se n c e  o f  la r g e  s u b s t i tu e n ts  can be
re s o lv e d  and th e s e  o b v io u s ly  canno t a t t a i n  th e  c o p la n a r
form'. However, t h e r e  a r e  c e r t a i n  o r th o  s u b s t i tu t e d  d ip h e n y ls ,
, is
i n  w hich th e  s i z e  o f  th e  s u b s t i tu e n t / . t h a t  th e  compound i s
n o t  even o p t i c a l l y  a c t iv a b le ,  n e v e r : t h e : l e s s  th e s e  compounds
have been found to  have u l t r a - v i o l e t  a b s o rp tio n  s p e c tr a
showing d e c re a se d  c o n ju g a tio n  betw een th e  two pheny l g ro u p s ,
w hich i s  a s s o c ia te d  w ith  th e  n o n -c o p la n a r  form . The spectrum
o f  2 :2 '-d im e th y ld ip h e n y l (O 'S haughnessy  and Roc^bush, J.A m er.
C hem .Soc.^1940 .62 ,2906 ; E v e r i t t ,  H a ll and T u rn e r, i n  th e
e
p r e s s ;  see  a ls o  W illiam son  and R o ^ u s h , J.Am er.Chem.Soc'. .  
1 9 4 1 ,6 3 ,3 0 1 8 ) shows few o f  th e  c h a r a c t e r i s t i c s  o f  th e  ' d ip h e n y l 
ty p e ' a b s o rp t io n  w hich i s  due to  th e  o v e r la p p in g  o f  th e  9T 
o r b i t a l s  o f  th e  1 :1 ' carbon  a tom s. An in te rm e d ia te  c a sé  
i s  t h a t  o f  2 : 2 ' -d ih y d ro x y d ip h e n y l (W illiam son  and Rodebush,
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l o c . c l t . ) w hich h as  a spectrtun  showing bands c h a r a c t e r i s t i c  
o f  a  c o n ju g a te d  system  a s  w e ll  a s  o f  a  p h en o l.
W ith th e  in t r o d u c t io n  o f  o r th o  s u b s t i tu e n t;?  i n  a 
d ip h en y l sy stem , two new f a c t o r s  have to  be c o n s id e re d : 
f i r s t l y  th e  space re q u ire m e n ts  o f  th e  new group r e l a t i v e  
to  2 ' and 6* p o s i t io n s  and seco n d ly  th e  e l e c t r o n ic  i n t e r ­
a c t io n  o f  th e  new s u b s t i tu e n t  w ith  th e  p a re n t  pheny l r in g .
The space re q u ire m e n t o f  th e  jam  2 - s u b s t i tu e n t  opposes th e  
fundam en ta l d ip h en y l re so n an ce  b u t th e  second f a c t o r  may o r  
may n o t  do so .
In  2 : 2 '-d im e th y ld ip h e n y l, th e  two o -  s h b s t i tu e n t s  
d e c re a se  th e  c o n ju g a tio n  betw een th e  two bwnzene n u c le i  and
c o n se q u e n tly  th e  compoimd h as v e ry  l i t t l e  ' d ip h en y l ty p e ’ 
a b s o rp tio n  w hereas i f  two n i t r o  g roups a re  in tro d u c e d  a t  
th e  p o s i t io n s  (Sherwood and G a lv in .J . Amer.Chem.Soc»,
1 9 ^ 2 ,j^ ,1 3 5 0 ; P i c k e t t ,  G ro th , Duckworth and C u n c l i f f e ,  i b i d . , 
1 9 ^ 0 ,2 2 ,4 4 ) , th e  second f a c to r  m entioned  above comes in to  
p la y  in  such a m anner t h a t  t h i s  compound has a spectrum  l i k e  
t h a t  o f  d ip h e n y l.
Beaven, H alL, L e s s l i e  mid T urner ( J . ,1 9 5 2 ,8 5 4 ;1 9 5 4 ,1 3 1 ; 
1954 , 2498 ;1 9 5 5 ,2708) have s tu d ie d  th e  r e l a t i o n s h ip  betw een th e  
c o n f ig u r a t io n  and c o n ju g a tio n  o f  s e v e ra l  s u b s t i tu t e d  d ip h e n y ls  
and a ls o  o f  th o s e  b r id g e d  in  th e  2 : 2 '-  p o s i t io n s  form ing  a 
s i x ,  seven o r  e ig h t  membered r in g  compound and have concluded  
t h a t  c o p la n a r i ty  o f  th e  two benzene r ln g s jls  n o t  e s s e n t i a l
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f o r  th e  compound to  e x h ib i t  a. c o n ju g a tio n  band, Some 
s im i la r  compounds d e r iv e d  from m ethy l 4 : 4 '* 6 : 6 '- t e t r a c h l o r o -  
d ip h e n a te  s tu d ie d  in  t h i s  work, p ro v id e  an i n t e r e s t i n g  
com parison f o r  f u r t h e r  i n v e s t ig a t io n  o f  t h i s  r e la t i o n s h ip  
i n  t h i s  s e r i e s  o f  compounds.
Some s im i la r  compounds d e r iv e d  from  2 s2 ' -d in a p h th y l
a
have a ls o  been s tu d ie d  a s  w e ll a s /2 t2 *  s u b s t i tu t e d  u n s a tu r a te d  
h y d ro ca rb o n .
An in te n s e  s h o r t  wave band ( A 205-21? »*)«), •vdiich
max
j u s t  comms w ith in  th e  l i m i t  o f  s tu d y  by q u a r tz  s p e c tro ­
p h o to m ete r, i s  p r e s e n t  in  a l l .  th e  compounds l i s t e d  in  t a b l e l .
In  m ethy l 4 :4 * :6 :6 '- t e t r a c h lo r o f l ip h e n a te  ( t a b l e l , n o . 1 ; 
f i g '.n o . i )  th e  s h o r t  wave a b s o rp tio n  band i s  v e ry  in te n s e  and 
th e  c o n ju g a tio n  band i s  a b se n t in d ic a t in g  la c k  o f  c o n ju g a tio n  
betw een th e  pheny l g ro u p s . T h is  would in d eed  be ex p ec ted  
because  o f  th e  b lo ck in g  e f f e c t s  o f  th e  o r th o  s u b s t i tu e n t s ,
A s i m i l a r i t y  may be drawn betw een t h i s  e s t e r  and 2 :4 :6 -2 * :4 * :6 ’ 
h e x a c h lo ro d ip h e n y l and d im e s i ty l  (P ic k e tt: ,  W aite r and P ra n c e , 
J.Amer.Chem’.S o c . . l9 3 6 ,5 8 .2 2 9 6 ) w hich have longwave f i n e  
s t r u c tu r e  a t  267..?, 275*1, 283,6  imyn and afe 2 6 4 ,6 , 2 7 4 ,1 ,
277® 3*"/» r e s p e c t iv e ly .  The p re se n c e  o f  longwave a b s o rp t io n  
bands- i n  a l l  th e  th r e e  compounds and th e  absence  o f a d ip h e n y l 
c o n ju g a tio n  band ( a t  ca!l250M^ ) i s  i n d i c a t iv e  o f  ben zen o id  
c h a r a c t e r i s t i c s .  T h is  i s  f u r t h e r  su p p o rted  by a co m p ara tiv e  
s tu d y  o f  th e  a b s o rp tio n  s p e c t r a  o f th e s e  compounds w ith
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2{l+:6-trichlorobenzene amd mesityleiie (Pickett et.a l^ loc.clt. ) 
•which absorb in the same regions.
There is  a general bathochromic shift in methyl
11
* -2^ : 3 " - te t r a c h lo ro -3  S -d ibenzoyclohe p ta - l  : 5-diene-î> -
carboxyàate (tableI,noo2;fig.îi) compared to compomds no* 3,
h and 5 (tablel) which aré not substituted in the diphenyl
nucleus*  T his s h i f t  i s  p ro b ab ly , th e r e f b r e ,  caused by th e
presence of four chlorine atoms*
The intensities of absorption in the shortwave region
of the four TOmpounds with swen membered rings are, however,
n o t w idely  d i f f e r e n t  b u t th e re  i s  a g en e ra l in c re a s e  in  th e
intensities throughout in the seven membered tetrachloro ester
(no*.2)* The d ip h en y l a b so rp tio n  band i s  p re se n t  in  a l l  th e
four 2»2*- bridged diphenyls but there is  a bathochiomic
shift in the tetrachloro ester*
In v iew  o f  th e  above o b s e r v a t io n s , i t  may be con clu d ed
that the ortho chlorine atoms, can, therefore, be having
only a negl&gible steric effect which is  more than compensated
f o r  by th e  p resen ce  o f  para s u b s t itu e n ts *  T h is s t r o n g ly
su p p o rts  th e  view  th a t  in  th e  p a re n t compound Cno*3), th e
rings are already twisted through a large angle with respect
to one another, so that the orthp>»chlorine atoms can he
accomodated without much further twisting* The compound
no*2 is  thus in marked contrast to non-bridged diphenyls in 
steric
which thej^effect of o-chlorine atoms is  sufficient to
-1^3r
cause- a lm ost com p lete d isa p p ea ra n ce  o f  th e  c o n ju g a tio n  band^
(e^g* in  2 :2 * -d ic h lo r o d ip h e n y l, W illiam son  and Rodebush,
J*_Amer♦ Chem.Soc. , 19^ 1*63 ,3018; Beaven and H all,unpub lished)'©
2 * : l ” :3 " -T e tr a c h lo r o -2 :7 -^ ih y d r o -3 * ^ -5 * 6 -d ib a n z o x e p in
( t a b le  I I ,  n o .^5 f l g . i i i )  has^an in te n s e  shortw ave a b so rp tio n
band ( ^  217*0 , ^2000) l i k e  ^ m * -d im eth o x y o x ep in
max' max
( t a b le  I I , n o . 3^ * X 222*0, 0  51000)* The co n ju g a tio n
max max
band has undergone a grad u al bathochrom ic s h i f t  s t a r t in g  from
th e  p a ren t o x ep in  (n o * l)  to  th e  t e tr a c h lo r o  one (ng*^) through
nos* 2 and 3# The i n t e n s i t y  o f  a b so r p tio n , on th e  o th e r  hand,
has- d ecrea sed  in  th e  c a se  o f  th e  two m ethoxy s u b s t itu te d
o x e p in s  but i s  s l i g h t l y  in c r e a s e d  in  th e  t e t r a c h lo r o  o x ep in
w hich i s  a f e a tu r e  common to  th e  co n ju g a tio n  band o f  a l l  th e
d e r iv a t iv e s  o f  : 6 ; 6 ‘ - te tr a c h lo r o d ip h e n ic  a c id  s tu d ie d  in
t h i s  work, w hich in  a l l  ca ses ' may be a cco u n ted  f o r  as in
th e  c a s e  o f  th e  2 : 2 ' -  b r id g ed  e s t e r  (page n o *1^-2)*
The l a s t  compound in  th e  s e r i e s  o f  2 :2 * — b rid g ed
d ip h e n y ls ,  was 2* : 1 " :3 " - t e t r a c h lo r o - 2 : 7 -d ih y d ro -3  : ^ 5 : 6 -
d ib en za zep in iu m -l-s ]D iro -l* * * -p ip er id in iu m  ( t a b le  I I I ,  n o * l;
f l g * i v )  exam ined a s th e  brom ide in  95^ e th a n o l.
I t  haà an in t e n s e  shortw ave a b so r p tio n  band ( A 2 23*0 , 
 ^ max
b  4 3 8 0 0 ) l i k e  th e  o x ep in  ( t a b le  I I , n o . 4* ) and th e  m^m*-di­
max
m ethoxy compound ( t a b le  I I I , n o . 2 ) .
The c o n ju g a t io n  band a b so r p tio n  i s  a t  a h ig h e r  w a v e len g th
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( A 2 5 9 ^  20100) as compared to  d iphenyl wheras th e
max max
o th e r  azepini-um s a l t s  ( ta b le  I I I ,  n o s .2, 3 and absorb a t
a low er w avelength . T his d if f e r e n c e  w ith  regard to  th e
lo c a t io n  o f  th e  co n ju g a tio n  band i s  s im ila r  to  th e  compounds
d iscu ssed  e a r l i e r .
The above r e s u l t s  o f  th e  study o f  th e  sp ec tr a  o f  
d e r iv a t iv e s  o f  :6 s6 * -te tr a c h lo r o d ip h e n ic  a c id  lerid  
fu r th e r  support to  th e  th e o ry  o f  Beaven, H a ll , L e s s l i e  and 
Turner ( l o c . c i t . ) th a t  in  th e  0 , 0# -  s u b s t itu te d  d ip h e n y ls , 
c o p la n a r ity  o f  th e  benzene r in g s  i s  n o t e s s e n t i a l  fo r  th e
e x h i b i t o f  th e  co n ju g a tio n  band by a compound and th a t
Yn
la r g e  d ep arture from c o p la n a r ity  may be a cc01^ dated  w ith o u t  
com plete l o s s  o f  co n ju g a tio n . The in tr o d u c t io n  o f  more 
s u b s t itu e n ts  ( in  th e  6 :6 * -  p o s it io n s;)  may w ith o u t having
any fu r th e r  s t e r i c  e f f e c t s  d ecrea se  th e  in t e n s i t y  o f
co n ju g a tio n  band but i t  may be more than com pensated fo r  
by s u b s t itu e n ts  in  th e  p o s i t io n s  as was o b served
in  a l l ï  th e  compounds s tu d ie d ;
A com parative stud y  o f  th e  a b so rp tio n  sp e c tr a  o f  th e  
un sa tu r a te d  hydrocarbon 2s 2*- b i s - p  -m e th y le th en y ld ip h en y l  
12 : 2 ^ -d ip ro p en y ld ip h en y l) ( t a b le  IV, n o d ;  f i g . v ) ,  2 s 2 * - b is -  
^ -m e th y le th e n y ld ip h e n y l (B eaven, H a ll and u n p u b lised .
Table IV, n o .2) and a ls o  2:2^-d iv in y ld ip h e n y l ( idem , d b i d .   ^
t a b le  IV, n o .3) r e v e a ls  v ery  c lo s e  s im i la r i t y  in  th e  lo c a t in n  
o f th e  a b so rp tio n  bands, but th e  in t e n s i t i e s :  in  2 :2 * -d ip ro p en y l.
—146-
TABLE IV.
^max' ^max: ^min  ^min ^max ^max
1 , 2 :2 '- B i s -  215.5  
^ -m e th y l-  
e th e n y ld ip h e n y l,
18800 236.0 13600 251.2 14700
2 . 2 :2 * -B ls -  209 
jf-m ethy l- (214) 
e th e n y ld ip h a iy l ,
31500
31200 -
( 252) 11000
3» 2 : 2 '-D i-  213.5  
v in y ld ip h e n y l.
34-200 240,5 24400 247 24900
4f. p -M eth y l- _  
s ty r e n e .
22% 2820 245 12600
5. D ipheny l, _ 222.0 4300 249 17300
S o lv e n t: 9?^ e th a n o l.
Nos, 2 and 3, Beaven, H all and Johnson, unpu b lish ed .
N o ,4 , P r ie d e l  and O rc h in ,* U ltr a -v io le t  s p e c tra  o f  Aromatic 
Compounds*, John W iley and Sons' In c , New York, 19?1, n o ,2^» 
No, 5> E v e r i t t ,  H a ll a id  T urner, in  th e  p re s s .
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d ip h en y l a re  much low er th a n  th o se  o f th e  o th e r  two hydrocarbons^
There i s  a ls o  a  sm all bathochrom ic s h i f t  o f  th e  abscjy tion
maxima in  th e  d ip ro p en y l compound as  compared to  n o s . 2 , 3
o r  d ip h e n y l . ( n o .? ) .  The c o n ju g a tio n  band i n t e n s i t y  o f
2 : 2 '-d ip ro p e n y ld ip h e n y l i s  n e a re r  to  d ip h en y l th an  t h a t  o f
d iv in y ld ip h e n y l w hereas in  compound n o '.2 , t h i s  band i s  b a z e ly
d is c e r n ib le  a s ' an i n f l e c t i o n .  The reg iond- o f  maximal a b s o rp tio n
in  th e s e  uns a tu r a te d  compounds i s ,  however, n o t w e ll s e p a ra te d
and th e  i n t e n s i t i e s ;  o f  a b so rp tio n  in  th e  shortw ave le n g th
i r
re g io n  a re  h igher, th an ' t h a t  o f th e / c o n ju g a tio n  bands.
The s p e c tr a  o f  2 :7 -d ih y d ro d in ap h th o (2 * :3 * -3 * ^ )C 2 '* :3 ”-  
? :6 )  azeu in iu m -1 -s n iro —1 -p in e r id in iu m  examined a s  th e  
brom ide and o f  2 :7 -d ih y d ro d in ap h th o (2 *  :3 * -3 s^ ) (2"^:3”-5 :6 )  
o x ep in , b o th  in v e s t ig a te d  in  9?^ e th a n o l c o n ta in in g  some 
ch lo ro fo rm  (page n o .136) ( t a b le  V ,n o s .l  and 2 r e s p e c t iv e ly ;  
f ig .V i )  p ro v id e  an i n t e r e s t i n g  s tu d y  in  th e  s e r ie s ;  o f  d in a p h th y ls  
and a ls o  d ip h en y ls  s in c e  th e  above two seven membered r in g  
compounds a re ' d e r iv e d  from 2 t2 '- d in a p h th y l ,  where th e  o u te r  
benzene n u c le i  do n o t i n t e r f e r e  s t e r i c a l ' l y  w ith  th e  r o t a t i o n  
o f  th e  d in a p h th y l sk e le to n  abou t th e  2 : 2 ' -  a x i s .
The s p e c tr a  o f  th e  above azepinium  brom ide and th e  
oxep in  a re  even more a l ik e  th a n  a re  th e  s p e c tr a  o f th e  
azepimium and oxep in  d e r iv e d  from 4 :4 * :6 :6 '- te t r a o h lo r o d ip h e n ic -  
a c id  ( t a b l e  I I I ,  n o .1 ;  t a b le  I I ,  n o .4  ) ,
F or r e f e r e n c e ,  th e  s p e c t r a l  d a ta  o f  th e  azep in iim
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d e r iv a t iv e  o f  1 ;1 * -d in a p h th y l (H a ll  and Turner, u np ub lished)  
have a ls o  been g in en  ( ta b le  V I) , This: haS" more or l e s s  
th e  same s a l i e n t  f e a tu r e s  a s ' n aph th alene (F r ie d e l  a id  Dirchin, 
lo c -» c it ,Â o ,1 9 5 ) b ecau se o f  th e  s t e r i c  h indrance to  th e  
r o ta t io n  a t  th e  p iv o t  bond between th e  naphthalene nuclei*.
In th e  c a se  o f  Compounds n o , l  and 2 ( ta b le  V ), th e  sp ec tr a  
are more or l e s s  on th e  l i n e s  o f  d iph en yl as i s  th e  ca se  
w ith  t h e ir  parent hydrocarbon 2 :2 * -d in a p h th y l which ab sorb s  
in  th e  re g io n  205-390 (American Petroleum  I n s t i t u t e  R esearch  
P ro jec t:  4%, no:,2 6 0 ) , Compounds n o , l ,  2 and 3 have stron g  
co n ju g a tio n  bands which i s  ab sen t in  1 :1 * -d in a p h th y l ( ta b le  V, 
no„^) and i t s  azepinium  s a l t  ( t a b le  V I){ The i n t e n s i t i e s  
o f  maximal a b so rp tio n  in  compounds 1 , 2 and 3 are v ery  h igh  
as was to  be ex p ec te d ,
A n o ta b le  d if f e r e n c e  from l: lf^ -d in a p h th y l and i t s  
azepinium  s a l t  i s  th e  absence o f  longwave f in e  s tr u c tu r e  
lË lich i s  j u s t  d isc e r n a b le  as: in f l e c t io n  a t (298) and(3 00)ryyA 
in  compound' n o . l  and 2 r e s p e c t iv e ly .
The sp e c tr a  o f  th e  above compounds; provide:: some 
b a s ic a l ly  im portant, d ata  fo r  a com parative stud y  o f  s u b s t itu te d  
d in a p h th y ls  f o r  th e  in v e s t ig a t io n  o f  t h e ir  configuration^^
